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FOREWORD

d by Sandia Laboratories to NASA Marshall Space

reliminary design and analysis of the SRI3 Recovery 1
1974 through Februtry 1875 is documented g

e of the rmajority of the working

Support provide
Flight Center in the p

System during the period March
RBecause of the informal natur

lh-.‘_. in this report.
meetings and discusgions between Sandia and NASA personnel, it is not )
. possible to document all of the information tranaferred during this period. 3
The report does agsemble in one package the results of studies and evalua-~
SA and previously presented in working ]

tions specifically requested by NA!
Group Meetings, A report format
mizes the effort required to chauge
readable report.

has been chosen which hopefuily mini=-
briefing viewgraph material into a
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SUMMARY

Pt task reguestied By NABA was a prebminavy ovaluation of the SR} recovery
arvstem beeseline as o esisted i Alareh 1973, As a result of this o Aduation, Sandia confirmed
Hial thee NASA sebeetion of 4 riblon dropgue and cluster of three ribhon maing provided the best
St for aostale=ol=the =1t doevetop

e proagram.  n addition, a series of the baseline
Perraehite degigne vevealed that acceprable degign pnractice was heing foltowed in most cases,
ezt o reasonable parachate welghts,  Several areas requiring further study were defined,

M basehne deopne deplovment methal thy 4 tether attachod to the ejected nose cap) was
chaeeted ta, ad o CONEpter $tudy wag

nitiated to complement NASA wind tunnel tests.  Indepoendent
valealation thy Sandind of parachuie

inflation loads and parachue canopy stregses was recommetcded,
Yoreview of deop test requirements was also wdertaken,

The congputer study, wind tunnel test resules,
eachutes Wl indicated that the baseline drogue
alternate methog vsing 4 large {15 to

and past expericnce in developing large ribbon
deployment method was not acceptable., An
20 ft) pilot chute and heavy line ties was suggested.

I'redicted inflarion loads for the carly
ased o desien the chute and attachment stp
requtred dea and accemtable load 1
toads (1345, 000 powwuds) for the

baseline drogue were gignificantly higher than thosge
ucture. A higher porosity drogue which provided the
cvels (226, 000 pounds) was recommended. Predicted intlation
main chutes apreed closely with brevious NASA predictions,

Vostress analvsis of the parachutes confirmed

that the desived design marging cxister in
proth Lo e and tiain chutes,

Horizomal ribbons were found 1o b overdesigned in both clates,
stiaesting the possibility significant weight savings, A need for more detailed load=strain data
tor the pacticalar nvlon materials beiug used in the desipng was identificd.

Eioe aodeap tege Provram us an absolute eegurement i the narachute development
stefese A Peview of cwndicdate drop rest atreralt vevealed that the 13=52 Mothe r Ship
cugrabieliny desired for simple and reliablo drop tosts. Simulaled drop 1test inflation

Povals shonced that dessige: Toad, and in many casdes overload, conduions could be achieved using u
W B0 faseng vt vehicd e,
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SUMMARY

* NASA CHOICE OF A RIBBON DROGUE AND THREE RIBBON

2 MAINS FOR THE SRE RECOVERY SYSTEM IS BEST FOR A
\ STATE-OF~THE-ART DEVELOPMENT PROGRAM
’." * NASA PARACHUTE WEIGHTS ARE REASONABLE FOR DESIGN

FACTOR USED AND STANDARD PARACHUTE DESIGN PRACTICE

* DEPLOYMENT OF THE SRB DROGUE BY A TETHER ATTACHED
TO THE EJECTED NOSE CAP IS UNACCEPTAELE

T TAY T T W

bl

» THE DROGUE SHOULD BE DEPLOYED BY A 13 TO 20 FOOT
PILOT CHUTE

bl

* MAXIMUM PREDICTED INFLATION LOAD FOR REDESIGNED
20 PERCENT POROSITY DROGUE IS 226,000 LB,

¢ MAXIMUM PREDICTED INFLATION LOAD FOR A MAIN CHUTE
IS 135,000 LB,

* MATERIALS SELECTED FOR THE SRE 'ROGUE AND MAIN
CHUTE, JIAVE ADEQUATE STRENG'TH ! OR THE DESIGN LOADS
AND DESIGN FACTORS SPECIFIED

* SIGNIFFICANT WEIGHT SAVINGS MAY BE {OSSIBLE IN THE
HORIZONTAL RIBRBONS

¢ MORE DETAILED MATERIA! CHARACTERIZATION DATA
ARE REQUIRED FOR AN ACCURATE STRE 53 ANALYSIS

S T T W Ty Y T T T NI AT TR

¢ A DEVELOPMENTAL DROP TEST PROGRAL! FOR THE
SRB RECOVERY SYSTEM IS ESSENTIAL

¢ THE B-52 "MOTHER SHIP" DROP TEST Alic RAFT AND
A 50,000 I.B, DROP TEST VEHICLE SHOUL:) JE USED

AR TR T T TR T T LTI -

* DESIGN LOADS FOR ALL SINGLE CHUTE $1AGES AND
THE MAIN CHUTE CLUSTER FIRST STAGE ARE POSSIBLE
WITH THE RECOMMENDED TEST METHOD
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SECTION 1
PRELIMINARY SYSTEM EVALUATION
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1-2

TYPICAL SOLID ROCKET BOOSTER (SRB) TRAJ ECTORY

The SRI recovery concept apecificd by NASA na of March 1974 in tHustraced on the ndjoining
Page, After separation the SRB follows a balligtic Path until reentry.  Upon reentry it stabilizes
in a near-kroadslde attitude, with the large broadside drag providing an initial deceleration stape,
At an altitude of 19,000 feet a drogue chute is deployed which turna the SKB to a tail first attitude
amst slowa it to the proper apeed (or main chute deployment, Main chutes are then deploved whieh
alow the SRH to a water entry speed of about 100 ft/mec,
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P"; NOSE CAP DEPLOTHENT \
/ SEPARATION Lo

TYPICAL 80LID ROCKET BOOSTER (SRB) TRAJECTCRY

HIGN ANOLE OF
ATTACK REENTRY
MGOE

SEQUENLE INITTATION,

hoe 19,000 ft
v 550, ft/aec
q* 200.0 pst
ROGUE CHUTE INFIATES
1‘0 15t !ﬂ'!b mmm
he 18,009 ¢
Ve !“ 7 ﬂ]uc
q= 1958 ot
MAIN CMUTES
INFLATE 10
15T ALEED
CoNDIT, 1M

h o= 8,060 -
ve 39, aﬂ.fuc
q~ 142.0 psr

SRa HMER IMPALT
RAMGE = 128 n.mi.
hs00f

ve 977 ftfsee
QLA ot
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SR} RECOVERY SYSTEM BASELINE

The SRB recovery system basecline specified by NASA as of March 1974 consisted of a
ane=drogue and three~main system. The 54-foot drogue was extracted from the front of the
broadside SRU by the ejected nose eap. A aingle reefed stage for the drogue was used to turn
the SRE to a tail-first attitude, and the fulleopen drogue provided the proper main chute deploy-
ment conditions. A cluster of three 104-foot main chutas was then deployed Ly the drogue, Two
reefed stages were uged to minimize main chute inflaticn louds, and the full=open cluster
provided the desgired water entry speed of 100 ft/sec,
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SRB RECOVERY SYSTEM BASELINE

TAIL FIRST WATER ENIRY

100 FPS VERTICAL & 45 FPS HORIZONTAL WATER ENIRY
VELOCITY

1 « 54-FOOT DROGUE CHUTE WITH 1 DISREEF

3 - 104-FOOT MAIN PARACHUTES WITH 2 DISREEFS
MOSE CAP EXTRACTS DROGUE CHUTE

DROGUE CHUTE EXTRACTS MAIN CHUTES

LOSE NOSE CAP

SAVE NOSE FRUSTUM

RECOVER. & REFURBISR ALL PARACHUTES

DESIGN REQUIREMENTS: 200~Q AT 19,000 PEET

RETAIN CHUTES AT WATER IMPACT




NASA CHOICE OF A RIRBUN DROGUE WITH THREE RIBBON MAINS IS BEST FOR A
"STATE-OF-THE-AKRT" DEVELOPMENT PROGRAM

Hased on the data and reasons given in the accompanying charts, it is felt that the design
objectives of the baseline design concept chosen by NASA for recovery of the solid rocket booster
(SRB) can be met with a state-of-the«art development program.

Ribbon parachutes have been widely used where high strength, ruggedness, and reliability
are required, There are large amounts of data available on ribbon parachutes which ranging in

gize from several inchea in diameter to 130 feet in diameter. The basic parachute is well nnder-
stood,

Use of a drogue parachute to initially gtabilize and orient an unstable or improperly aligned
vehiele ia standard practice, In general, a drogue is amaller and lighter than the final Btage
system. Thus, it is eaafer to deploy in that the forces required to accelerate the parachute to a
deployment veloecity sufficiently high to prevent line sail and entanglement are lower than the forces
required for the main system, Since the drogue would also have fewer and shorter lines than most
mainstage systems, the probability of damage {line burn, etc.) is less. Thr: cost of refurbishment

would probably alsc be lower since there would be less material to replace and the bulk would he
reduced,

A three parachute system is superior to an N chute or one chute system, Three chutes are
geometrically moure stable than either 2 or 4. There is more applicable three chute data available,
It is eagier to interconnect reefing to control lead-lag loading for three chutes than for four or

more. The individual chutes in a three chute cluster are within the state-of-the-art in terms of
size and fabrication.
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NASA CHOICE OF A RIBBON DROGUE WITH THREE RIBBON MAINS IS BEST FOR ;
A "STATE-OF-THE-ART" DEVELOPMENT PROGRAM =
MOST CONSISTENT WITH LOW COST - LOW RISK SINCE MORE
APPLICABLE DATA ARE AVAILABLE
v RIBBON CHUTES OF THE APPROPRIATE SIZE AND STRENGTH
RANGE HAVE BEEN BUILT AND FLOWN o
RIBBON CHUTE MORE RUGGED AND CAN BE DESIGNED FOR ’
REFURBI SHMENT
NO DROGUE SYSTEM INTRODUCES MORE UNKNOWNS
THREE CHUTE MOST GEOMETRICALLY STABLE IF CORRECT
TRAIL DISTANCE USED
SYSTEM COMPLEXI1Y AND DEPLOYMENT PROBLEMS INCREASE
AS NUMBER OF CHUTES INCREASES
BASED ON SANDIA EXPERIENCE BARO DEPLOYMENT BEST
CHOICE FOR RECOVERY INITIATION

t-7
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1 X180 FT VS 3 X 104 FT MAIN PARACHUTES

In comparing a single 180-foot diameter final ata

ge system with a system of three 104-foot
diameter parachutes, the

major factors in favor of the three chute system are that the single
chute is out of the Pregent state=of-the=-art

i.e., it is larger in diameter than any previously
built and flawn syatem) and the asingle chute would be more likely to become entangled with the
booster at water impaet,

i _d




1 X180 FT V8 3 X 104 FT MAIN PARACHUTES

s CENERAL - 180 FT MAIN CHUTE WEIGHING 4d00 LB
1S CONSIDERABLY BEYOND PRESENT
STATE-OF-THE~ART
* WEIGHT/VOLUME = PROBABLY LITTLE DIFFERENCE
R e FABRICATION COST = SINGLE MAIN REQUIRES MORE SPECIAL

EQUIPMENT BUT PROBABLY CHEAPER
FOR SAME NUMBER OF SYSTEMS

‘ N

3 Y « PACKING COST - LITTLE DIFFERENCE

;- + HANDLING - SINGLE MAIN MORE DIFFICULT

* MATERIALS - PROBABLY LITTLE DIFFERENCE

3

¢ * SYSTEM COMPLEXITY - CLUSTER HAS MORE COMPONENTS

3

i’ * DEPLOYMENT - 180 FT MAIN WOULD REQUIRE SIGNIFICANTLY
_ MORE DEPLOYMENT DEVELOPMENT AND
: WOULD PROBABLY EXPERIENCE MORE

i DEPLOYMENT DAMAGE

¢ INFLATION = SINGLE MAIN HAS LONGER INFLATION
TIMES, HAS HEAVIER REEFING LINES
WHICH MAY REQUIRE REEFING CUTTER
DEVELOPMENT, MAY REQUIRE MULTIPLE
REEFING LINES

= CLUSTER IAS NONUNIFORM INFLATION
PROBLEMS

5 e FLIGHT TESTING « PROHABLY CANNOT PROPERLY LOAD FINAL
.' STAGE OF 180 FT MAIX

: = GREATER UNCERTAINTIES IN NUMBER OF
TESTS REQUIRED FOR 180 FT MAIN

= SINGLE MAIN WOULD L AXD ON TOP OF
BOOSTEP. DURING A LARGE FRACTION
OF FLIGUTS - RETRIEVAL COULD 3E
IMPRACTICAL UNDER THESE CONDITIONS

X * RETRIEVAL

¢ REFURBISIIMENT = SAME COMMENTS AS FOR FARRICATION,
PACKRING, AND HANDLING

E s REVSE = MAY NOT BE POSSIBLE I MAIN CHUTE
F LANMIS O8N TO OF HOOSTHR

I N Vv AU




SYSTEM WEIGHT

Accurate asseasment of the system welight requires development of data to define required
design and material degradation factors. These factors, described in detail later in the report,
are probably the major unknowns in determining the gystem weight, Given thege factors and the

proper material property data, currently available analytical tocls can be used to compute loads
and stresses for system design,

Analysis of the NASA proposed design indicates the weight estimates are Erobably conservative
(e.g., design factors are quite large).
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SYSTEM WEIGHT

ACCURATE ASSESSMENT OF PARACHUTE WEIGHTS REQUIRES BENCH TESTS
. TO EVALUATE DESIGN FACTORS

Y STRUCTURAL DESIGN CODES WILL PERMIT MORE ACCURATE MATERIAL
SIZING AND MORE BALANCED DESIGN

AR TR A L TR R TR TRy T e
e el Tenmwmonon - .

ACCURATE MATERIAL PROPERTIES (LOAD vs STRAIN: DYNAMIC EFFECTS)
ARE NOT AVAILABLE AND MUST BE OBTAINED

CURRENT NASA WEIGHTS ARE REASONABLE FOR DESIGN FACTOR USED
AND STANDARD PARACHUTE DESIGN PRACTICE
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GENERAL COMMENTS - PARACHUTE CONSTRUCTION

Comments on parachute construction details are shown on the accompanying chart. Soine of
the pointa are amplified in the following digcusasion,

It i8 recommended that standard ribbon parachute gore section congtruction be used. This
may permit easier repair if the gores are joined by several rows of "nonlock" stitching in that the
stitching may be easily removed and a gore removed for repair.

It is recommended that a "second vent" be used for porosity control. I all radials are
carried to the vent, the resulting geometric poroaity in the vent area will be quite low. If at
least every other radial is terminated at a second vent one half to three quarters of the way from
the skirt to the actual vent, a better porosity distribution, will be obtained, This will help to
prevent blowing the erown of the chute during the initial inflation phase. The veni band for the
second vent can replace the intermediate reinforcing bands.

Inercasing the suspeneion line length from 1.0 D, reaults in an increase in drag as shown by
the chart on page 1-15 About a 17 percent increase in drag can be achieved by increasging the line
length to 1,5 Dy A similar drag inecrease can be obtained by increasing the main chute trail
distance as shown in the chart on page 1-17, From these data, it appears that parachute drag can
be optimized as a function of dimeneiona, weight, and riser lengths.
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USE GORE SECTION

CONSTRUCTION

GENERAL COMMENTS  PARACHUTE CONSTRUCTION

ELIMINATE INTERMEDIATE REINFORCING BANDS
ON MAIN CHUTES

USE SECOND VENT FOR POROSITY CONTROL; POROSITY
SHOULD BE NEARLY CONSTANT ALONG CHUTE

DO NOT EXTEND LINES OVER TOP, DESIGN FOR
REQUIRED STRENGTH FROM RADIAL RIBBONS;
POSSIBLE USE OF CONNECTOR LINKS

USE EXTREMELY STRONG SKIRT AND VENT BANDS

MAIN CHUTE LINE LENGTHS 1.5 D, FOR OPTIMUM
DRAG - TRADE-OFF vs WEIGHT

MAIN CHUTE TRAIL 1.6 - 1.7 D,

INTERCONNECTED MAIN CLUSTER BEST 70 MINIMIZE
LEAD-LAG INFLATION

ELECTRONIC REEFING CUTTERS ALSO MINIMIZE
LEAD-LAG

STRUCTURAL ANALYSIS WILL ALLOW MORE OPTIMUM
CHUTE DESIGN

1-1"
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FULL OPEN DRAG COEFFICIENT VS POROSITY
209 CONICAL RIBRON PARACHUTES

Parachute Full open drag coefficient va geometric porosity is shown, The variation in
drag coefficient based on constructed diameter is shown for several line lengtha, ‘The cata were
taken on 3=foot diameter riblon parachutes in the LTV low speed wind tunncl, (1-1)

(I'I)Sandia Corporation Pressure and Disreefing Test of Model Parachutes in the Vought '
Syatems Division Low Speed Wind tunnel, LSWT 445, 3 Sept. 1974,
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FULL OPEN DRAG COEFFICIENT VS POROSITY
200 CONICAL RIBBON PARACHUTES
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RATIO OF CLUSTER DRAG TO THREE TIMES SINGLE DRAG VS TRAILING
DISTANCE IN CHUTE DIAMETERS

The effect on cluster drag of increasin
shown. The systom congisted of three 1, 5=foot diameter constructed ribbon parachutes. Plotted

cluster drag coefficient {based on conatructed diametor) to the
single parachute drag coefficient for a line length of 1, 9 D It is noted that the drag increases
a8 L.g/ Dg increases to about 1.8 or 2.0,

Ref: Sandia Corgoration Pressure and Disreefing tests of Model Parachutes in the Vought
Syatems Divisions Low Speed Wind Tunnel, L8WT445, 3 Sept, 1974,
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RATIO OF CLUSTER DRAG TO THREE TIMES SINGLE DRAG VS TRAILING
DISTANCE IN CHUTE DIAMETERS

R g e a a. .

] i
Darachutes CD = 0,688, N= 8, Ag = 20%
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DROGUE DEPLOYMENT AND MAIN CLUSTER DEPLOYMENT

The accompanying chart summarizes comments on the parachute deploymeoent technique,

This problem has been analyzed a2xtensively,

and the results are detailed later in the report,
The resulta contirm the comments made on the cha

ri.
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DROGUE DEPLOYMENT AND MAIN CLUSTER DEPLOYMENT

DROGUE DEPLOYMENT

NOSE CAP DRAG IS NOT MUCH GREATER THAN DRAG FROM THE DROGUE
BAG. PILOT SYSTEM SHOULD EXERT 20 TO 30 G ACCELERATION ON
. BAG TO PREVENT LINE SAIL AND ASSURE GOOD CHUTE LAYOUT.
i WITH 76 FT TETHER SNATCH LOAD AT 200 fps AV WILL. BE VERY
F HIGH. PROBLEM UNDER ANALYSIS
5 POSSIBLE STABILITY PROBLEMS WOULD RESULT IN LINE BURN AND
}_ WHIP AND NONUNIFORM LAYOUT OF CHUTE. PROBLEM UNDER ANALYS!S
— MUST USE ABRASION RESISTANT (STEEL) RISER SYSTEM TO ATTACH
DROGUE TO BOOSTER
PREVENTS BONSTER ABRASION OF DROGUE LINES
EQUALIZES DROGUE LINE LOAD
BEST DESIGN FROM STANDPOINT OF PREDICTABILITY AND RELIABILITY
WOULD BE TO EJECT NOSE CAP AND DEPLOY DROGUE WITH AN I8 TO
20 FT PILOT CHUTE
i MAY BE ACCEPTABLE TO DEPLOY DROGUE FROM PILOT CHUTE EXTRACTED
] NOSE CAP

MAIN CLUSTER DEPLOYMENT i
DROGUE AS PILOT CHUTE LOOKS ACCEPTABLE, GIVES CORRECT LEVEL OF *
ACCELERATION ON MAIN BAGS AND FRUSTUM,RAPID DEPLOYMENT
ALLOW LESS TIME FOR BOOSTER TO DESTABILIZE
f USE 4 REEFING LINE CUTTERS PER LINE

1-10
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DESIGN FACTORS

As previously discussed, the Desaign Factors have a significant impact on the system weight.
Early evaluation of these factors by laboratory and other ground tests is required in order to
accurately design the system. The accompanying chart summarizes typical design and material
degradation factors and gives typical values that are estimated based on knowledge available to
Sandia.

The abrasion, fatigue, and water exposure factors probably are the least known at this time,
It is felt that the only good abrasion data will be obtained from evaluation of actual SRB recovery
systems since this factor depends so heavily upon actual useage and handling history. Fatigue
can be evaluated in a laboratory by a parametric study in which typical strain eycles for various
component parts of the parachutes are reproduced. Water exposure data also can be obtained in
the laboratory. Probably the main damage in salt water exposure occurs when salt crystallizes
upon drying, DuPont data (1-2, -3, =4, =5) indicate that the effect of salt solution on nylon
strength isa minimal (i.e., < 10 percent reduction). These data based on liquid salt and do not
include poasible damage to the fabric structure by salt crystals.

As noted in DuPont data (1-5-68), light exposure has a large effect on nylon atrength. The
exact changes In a given webbing or other fabric structure would have to be determined experimentally
gince the total strength change ie a function of the material thickness. There are also dyes such
as DuPont Capraeyl Yellow NW that greatly improve the ultraviolet resistance of nylon.

Reference 1-3 also pointa out that nylon is degraded quite severely by rusting iron or steel.
Thus, care must be used to insurc that the suspension lines and risers that contact stecl fittings
are protected.

(1°D140 Chemical Reststance of DuFont Nylon Dupont Bulletin N-30, July 1955,

(-3 catatance of Fibers to Aqucous Solutiona of Various Salts, DuPant Technical

Imformation, Bulletin X=-216, April 1987,

uﬁ“l-‘iah Nets and Twines of DulPont Nylon, Dul'ont Technical Information, Bultetin

N-IGH. Jan. 1964.

-}
i ‘"l’ropurties of Ropes of Dacron and IuPont Nylon, imPant Technical Information,
Bulletin X~-226, Feb. 1069,

{1-6)
April 1766,

Fight and Weather Resistance of V'ibres. Dubont Technical Information, Bulletin 2-203,
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DESIGN FACTORS ]

SAFETY FACTOR - {I.5) STANDARD CARGO AND SPECIAL WEAPON,

JOINT, LOOP, SEAM = {0.8 - 0.9) USE GROUND TEST DATA AND PROBABILITY
ANALYSIS. CAN BE FUNCTION OF NUMBER OF
JOINTS AND SERIOUSNESS OF FAILURE,

: ABRASION = (0.9 - 0.95) ONLY GOOD DATA WILL COME FROM

EVALUATIGN OF ACTUAL FLIGHT AND RECOVERY
DAMAGE DUE TO DEPLOYMENT AND HANDLING .

FATIGUE = (0.9 - 0.95) CAN BE DETERMINED FROM GROUND TEST,
SHOULD BE EVALUATED AS SOON AS POSSIBLE.
RIBBONS WILL PROBABLY REQUIRE LOWER NUMBER
DUE TO FLUTTER. PROPER DESIGN OF MATERIAL
MAX STRAINS CAN MINIMIZE,

WATER = DU PONT DATA INDICATE LITTLE EFFECT. CONFIRM
WITH GROUND TEST.

ULTRA VIOLET - (0.95) PROBABLY MORF IMPORTANT THAN WATER, ESTIMATE
| OF EXPOSURE TIME REQUIRED, SOME DATA AVAILABLE.
;ﬂ RE USE FACTOR - PROPER ASSESSMENT OF ABRASION, FATIGUE, WATER,

* AND U-V FACTOR COVER RE USE.
| CONVERGENCE - INCLUDED IN DESIGN. SHOULD NOT BE A DESIGN FACTOR.
k CLUSTER AND ~ CAN BE ASSESSED ANALYTICALLY.

NON-UNIFORM LOAD

RECOMMEND THAT GROUND TESTS TO EVALUATE MATERIAL DEGRADATION

FACTORS BE STARTED AS SOON AS POSSIBLE SINCE SYSTEM WEIGHTS
AND MATERIAL SPECS ARE INFLUENCED SO GREATLY BY THESE VALUES.

t-21
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SECTION 2
OROGUE DEPLOYMENT ANALYS(S







BOOSTER TURN=ARUUND 1\ DROGUE CHUTE

A dvoamic analyats of the solid rockel boorter recuvery system wan performed in the areus
of bwoster dyvnanites ane drogue chute deplayment.

The bonster dynamics analysis includes two particular evemix: (1} wrnaver of the boester
At drogay elute deployment and (2) hooster dynamics betweoen deogue chute releaste sl main chute
Jeplwiments. The banie anslveis toul used far the homiter dytiamic analysis wag a six=depioeent-
Frevdinstrajectory camputer ende with an option of modeling a drag wren tdrag ecefficien x
referenes aread acting at an arbitrary attachment point.  There are five significant features to
tins partiealar option.  First, the velocity at the attachment point iz not assumed to be tue same
an the velofity of the center of mass of the body (i, e., the booster) b is eather '\"cu Ldy * 3“""_,
S Tattachment point®  With the distance to the attachment poimt being approximately 40 feat Irom
the: temiiter contter of gravity, the ”oxr’” term causes the velocity at the attachmant point to be
sioiicamly different from the veleeity at the center of gra ity of twe bouster, Secondd, the force
at ihe attachment point is calculated based on the dynamic pressure calenlated from the voelocity
at the atrachment paint,  Third, the direction of the force is assumcd parailel tn the virloeity at
the attachment peint, implying an instantancous response of the attached parachute. Vomcth,

Mmimnmcnts are ereated about the G of the booster "alta chment pniot b achment |mim' begcansge
the foree does not act at the CG.  Fifth, the drag areas may vary as a piecewise linear function of
tine,

In the turnover analysis at drogue deployment, the inittal conditions of the booster for the
trajectory sty apo:

Altitude - 18,000 fr

Innamic presaure = 200 thy/ 2

Veloeity (at booster og) = 543 fi/sec vertically down

Orfentation: x axis (centerline) horizontal

Various angular rates of the booster were agsumed for the initial condition tn the trajectory

stidv, ineluding all rates zero, pltch rate of 0% acc, yaw rate of 50/ gee, and roll vate of
4.“\‘” S0,

Physical pronerties, which were used, in the unalysais, for the booster, are:

Mass - 154,240 "’.n

Rotl moment of inertia = 1. 55 x 105 slug - I‘tz

Pitch and yvaw moment of inertia - 8, 8 x 106 slug = |'12

arachute attachment point © 77 f1 ahead of cg

The acrodynamie coefficients for the booster, which were used in the trajectory calculations,
were astad foree coefficient, 4. normal force coefficient, Cyy Matic pitching moment cocefficient,
Cipe and piteh damping moment covificient, CUmygpe and were ugsumed to be onty functions of mach number
and totajeangle=of=attack. Values for the coefficients were taken from two NASA MSKC memos:
(1) SAE = ALRO=AA=T3=12, "Hevised Shuttle SRB Reentry Static Aerodynamic Characteristics"
November 12, 1973 and (2) S&E-AERU=-AN=73=45, "SRB Entry Dynamic Stability Dervivatives'
August 3, 1974, The assumed drag area {CyS) for the 54 ft dia ribbon drogue chute was as folluws:

Time LI’S
0.0 {linear tncrease) 0.
0,027 1001,
12, 927 1008,
(Hnear increase)
13,070 1260,
t = 13,070 1260.
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Two items about the acrodynamics should be noted, First, the assumed drag ares v time
for the droguc chute does not include "apikes"” which would occur due to overinflation and oscillatio: =
in parachute (iameter. The eficet on the total impulse on the booster, and thua the angular motio,
due to ignoring the “spikes” ix amall; however, peait loads cannot he accurately prediowed withowt
including them. The second item is simply that the parachute aeradynamies averwielm the hangtey
aerodynamica when the 54 foo diameter drogue chute is sttached,

For all the initial angular rates which were tried, the resulting hooster angular motion was
nearly planar. The worst casc G, c., highest amplitude) for sngular motion was the gase whers
the booster was initially pitching nosc down at 309/gec. 1lats of the resulting moticn are showy
apposite.  The late-trajectory«<time oscillations (~29 = 49) which were predicted do not include any
angular motion which could be induced by parachute angular oscillations. Resulting parachute
forces predicted by this analyais have not been included here because a more detailed analvsis
including overinflation and parachute oscillations was done subsequent to thig analysis which gives
more accurate parachute loads,

BOOSTER ANGULAR MOTION HISTORY AFTER

ISOOSTER PITCH RATE HISTORY AFTER DROGLE CHUTE DEPLOYMEXT (ALTERNATE
DROGUE CHUTE DEPLOYMENT PEAKS REPRESENT NEGATIVE ANGLES)
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BOOSTER MOTION AFTER DROGE RELEASE

The second past of the Imoster dynamies analyais wan the
drogie chute and deployment of e mayn chutes,  For thia anal
obtiuined from the results of the wy averp analysis of the hooster for the case with all initini ]
ignlar ratea zepo,  The retease of the drogue chute ta asaumed to take place 21,3 seconda after
drogue deploviment at an altitude of HRB0 feet, The same mass Properties and aerodynamics
vharactopristics for the haoster were uged.  The analysis shows that turnover frown the basically
s up condition is very slow; however, the increage in velocity, and thug dynamic pressure, is
very vapid and it is vepy important that the main chutes be deployed us rapidly as poasihle, ¥

sugresting that the drogue chute be uacd as the pilot chute for deploying the main chutes, The
usaplis opposite show the booster pitely angle va time from ogue release and dynamic pregsure
Ve time from drogue release,

ynamics between releaae of the "
¥8id, the inirigl conditiong are
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HOOSTER MO{ION AFTER DROGUE RELEASE

BOOSTER PITCIl ANGLE HISTORY FOLLOWING DROGUE RELEASE

-
et

IGL

Booster Pitch Angle, dep.
W,

] 0.4 ol 1.2 1.8 F ]
Time from drogue release, sec.

LOOSTER DYNAMIC PRESSURE HISTORY FOLLOWING DROGUE RELEASE

Dynamic Pressure, 1b/ ft2

0 o4 08 1.2 1.8 20

Time from drogue release, sec,
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NOSE CAl* EJECTION

The first event in the NASA beseline design for the droguc deployment is the ¢joction of the
nose cap from the SRB., A dynamie analysia of this event was performed to verify the 80 ft/see
ejeetion veloctty necessary to avold contact with the drogue bag during ejection as shown in NASA
MSFC memo S&E-AERO-DI-5-74, "SRB Nose Cap Ejection Veloclty Requirements” March 4,
14174 and Northrop Services, Inc. memo 8250D-74=7, "Nose Cap Separation’ February 26, 1074,

The analysis tool which was used was a two body trajectory computer code, with cach hody
having the full six degrecs of freedom. The code which was used was an extension to the SANAIL®
gix-degree-of-freedom trajectory code, In the extended version, the gecondary body (Body B)
has its position caleulated with respect to the primary body (Body A) to increase the accuracy

of the relative position, rather than calculating absoclute positions of each and determining the
difference,

Careful attention to the in'tal conditions for Body B and Body A has been given, The velocity
of the two bodies does include the & x T term due to change in CG position and angular rates,
An ejection velocity and an angular tipoff rate may be applied to Body B.

The primary difference between this analysis and the analysis in the two previously mentioned
memos is that this analysis does model the movement of the SRB. The SRB characteriatics used

here are the same as those used for the booster turnover analysis. The nose cap properties
which were used are:

Mass = 202 lbm

Pitch/yaw moment of inertia = 36.3 slug - 1t2
Roll moment of inertia = 18 glug - 1t (assumed}

Center of gravity = 25.3 in forward of nose cap base

The aevodynamic coefficients were taken from NASA MSFC memo S&E-AERO=-AA-73-24,
"Subsonic Aerodynamic Characteristics of the SRB Nose Cap, " April 30, 1973. Aerodynamic
interference between the nose cap and the booster was neglected on both nose cap and booster,

Initial conditions for the analysis were the same as those for the booster turnover analysis
but without the roll rate. In all cases the nose cap was assumed to be ejected axially with an
B0 ft/sec impulsive ejection velocity, ™ . worst case of those examined was the initial nose

down pitek rate of 30 degfsec. Even i. 'l - tase, contact would not oceur between the nose cap
and drogue pack.




.

AR

NOSE CAP EJECTION

DISTANCE BETWEEN NQOSE CAP PITCH ANGLE VS HORIZONTAL
CG AND BOOSTER CG AFTER DISTANCE FOR NOSE CAP
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SEQUENCE FROM NOSE CAP EJECTION MOVIE

TIME = €,0000 SECONDS TIME = 0, 0250 SECONDS TIME = 0.0500 SECO~NDS

NOSE CAP e
FORWARD END
OF BOOSTER

TIME = 0,0750 SECONDS TIME = 0,100 SECONDS
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TETHERED NOSE CAP

The 2nd arvea of analysis in the drogue deployment analysis was the dynamics of the tethered
nase cap and the dynamics of the drogue pack, The same two GO -body trajectory code was
usuet ag the primary analysis tool, with the addition of an elastic line connecting the iwo bodies
at arbitrary attachraont potats, Hody 3 has been modeled to allow line deployment from it, with
s loss, masas property changes and an averaged Mne tie force during deployment, The drag
area atan attachment point was included as an option in the version of the code.

The idealized base line concept inviatoned the noge cap acting as a steady drag device for
deplaving the drogue parachute., This somewhat governed the capahilities incorporated in the
computer code, i.o., a drag area (hoge cap as u steady drag device) attached to a 6 DOF =body
{drogue pack deploying line) attached 10 another 8 DOF-bady (the SRil). Although such a
trajectory was computed, analysis of the nose cap dynamics on the end of a tether quickly showed
that the tether load on the drogue pack could not be treated as a steady drag force. A calculation
of 200 pound nose cap ejection, with a 40K tether attached to a fixed drogue pack, was performed
in determining tother loads for snatching the nose cap. A plot of the tension in the tether vs time
for this case 18 shown opposite. It shows that after the first peak in tension, the Lne goes
completely slack and is followed by a second peak and tension oscillations,
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TENSION IN 40,000 1.B TETHER FOR DEPLOYMENT OF A 200 LB NOSE CAP
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DROGUE BAG EXTRACTION BY NOSE CAP

The more realistic case is with the tether (60K rated) attached to a depleyable drogue pack,
This was modeled as much as possible; the limitation is that mass could nat be depluyed from the
drogue pack because the two 6 DOF=hodies were the 300 pound nose cap and the drogue pack.

The initial motion predicted by this model ia correct, but it would begin to he in error when
significant mass should have been deployed from the drogue pack. This modeling showed that
during the time when deployment would ocour {t <1.3 zec) only two tension pulses would occur
in the tether, giving a drogue gun typs deployment rather than a steady drag force deployment.
The two tension pulses also induce some gevere angular motion to the drogue pack.
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TETHER TONSION (18)

PITCH ANGLE OF CAP ANK DROGUE PACK [ DEG)

DROGUE BAG EXTRACTION BY NOSE CAP
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TENSION IN TETHER = METHOD 1

TiME ¢ SEC )

NOSE CAP AND DROGUE PACK PITCH ANGLES
METHOD NO. 1
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DROGUE BAG EXTRACTION BY NOSE CAP {continued)

The significance of the angular motion is shawn oppagite
4 movie are pregented which show the motion durin
Alse notice the angle of crosstlow to which the

tn which some selected frames 1o,
g deploymenr of the drogue using the nose Cire
suspension lines are subjected during deplovient,

A=12
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DROGUE BAG EXTRACTION BY NOSE 7 17 {continued)

TIME = 0, 73458

/

NOSE CAP CENTERILINERE

TETHER (WITHOUT
AERO FORCES)

DROGLE SUSPENSION
LINES (WITHOLUT AERQ
FORCES)

DROGUE BAG
CENTERLIME

SR CENTERILINE
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PILOT CHIUTE EXTRACTION OF DROGUE BAG

An alternate deployment method was also briefly investigated. This method used a pilot
chute to deploy the drogue chute from the 200 pound noae cap with the nose cap being pulled off
and not cjected. The pilot chute wag assumed to be equivalent to an 18-foot ribbon parachute.
Varying mass properties for the nose cap with the deploying drogue chute were calculating
aGauntine a constant density, conical frustrum drogue pack of varying length, The resulting
angutar motion of the ncse cap is shown opposite, using the same booster initial conditions.
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PILOT CHUTE EXTRACTION OF DROGUE BAG

NOSE CAP ANGLE-OF-ATTACK = METHOD NO. 3
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IYNAFLATE SIMULATION O DROGUE DEPLOYMENT

A second type of anaivats of the drogue doployment was
hinitesclement axisviametpric parachute deployment and inflatic
inehdes both canopy ang suspension lines.  Of particular inte
and snateh load, Acrodyviamic forees are included on the sus
Line ties are alag madeled. A realistic initial condition, of |
b, was used, Two Concepts were modeted with ynaflate: (1) the deployment with a nose cap
tlropue i 1ype) and (2) deployment from the noge cap assuming an 148 toot pilot ehute. Hoth
VIMICePES were mikdelod asguming a zero angle of attack of the Parachute during deployment. The
s Cap deployment concept was modeled, up to the point of the canopy sturting out of the bag,
with 459 eprogsflow angle. A comparison of the results between the two methods is as follows,

perrormed using the 1ynaflate

m computer code. This model
rest in this analysis was line sajl
pension lines as the crossflow drag,
ihes folded across the deployment

Tethered Nose Cap IDeploy from Xosc Cap

Concept with 18=-foot Filot Chute
Maximum snateh lod at booster 34, 000 b 45, 000 1b
Time at snateh load 0, 83 sec 0. 64 scc
Apex position at vent cogd break 118,3 ft 122.9 ft
Time at vent and break Q. 925 gec 0.705 sec

The snatch load for the deployment from the nose cap with an I-foot pilot chute is well below the
inflation load, and this method is much more orderly and cxpediont, Opposite is a sample frame
from u movie modeling the deployment in a Cerassflow, for the nosge cap on tether coneept, at the

instant betore the canopy starts out of the bag, Notice the large lateral defleetion (line sail)
experienced by the suspension lines,
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DYNAFLATE SIMULATION OF DROGUE DEPLOYMENT

TIME = 0.6250

4 |
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' DRUGUE SUSPENSION LINE POSITION
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160

AXIAL DISTANCE
TENSION IN SUSPENSION LINE




CHITERIA FOR BVALUATION OF PROPOSER DEPLOYMENT METHODS FOR THE SRI
DROGULE PARACHUTE

As a part of the support being provided for analysis and preliminary design of the SRB

recovery syatem, an evaluation of deployment methods proposed for the SRB drogue parachute
hus been condueted.

‘Fhe proposed drogue for the SRY recovery aystem is a fi4-foot diameter conical ribbon
parvachute werghing approxtmatcly 840 pounds. It is to be deployed near an altitude of 19, 000 fect
aml at a dynamie pressure of approximately 200 1b/t2, A deployment time the SRB is in a near
broadaide attitwle with potentially large dispersions in pitch, yaw, and roll angles and rates. The
drogue is deployed from the nose of the SRR reefed vo about 80 percent of its full open drag area.
After the reefed drogue turns the SRR 10 a nnzzle-first attitude, the drogue is disreefed to provide
the proper deployment conditions for the main parachutes,

Several eriteria were established by Sandia by which the candidate deployment methods were

compared in this study. The criteria seleeted represent an attempt to combine acceptable parachute
desten practice with SRI3 development program philosophy.

The: prablem is to select one or more drogue deployment methads which satisfy the criteria,
System cost was not congidered specifically in the evaluation, but low 8yatem: cost i3 indirectly
reflected in all the requirements, Detajled cost trade-offs may be required to make a final
Actection if more than one aceeptable deployment method exists.

Based on preliminary discuasions, cost trade~offs and system intet face requirements four
drogue deployment methods were gelected by NASA/ MSFC for further evaluation. Deployments
with (Mlethods 3 and 4) and without (Methods 1 and 2) a pilot chute were considered. An extensive
series of drogue deplovment wind tunnel tests deseribod in Refercences 1 and 2 below were con=
ducted by NASA o investigate in detail the deployment methods illustrated in Figure 1. Observation
of the filma from the wind el testd, computer simulation results, and experience gained in
developing other large ribbon barachutes were combined to form the evaluations reported herein,

TR oA
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1. Vickers. §. A, "Wind Tunnel Test Plan - SRE Drogue Parachate System, "
Northrap Corpovation, Ventura Division, NVR 74-164, June 31974,
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CRITERIA FOR EVALUATION OF PROPOSED DEPLOYMENT METHODS FOR SRB
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1.

2.

3.

4.
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DROGUE PARACHUTE

STATE-OR-THE-ART DESIGN PRACTICE IS TO BE FOLLOWED.

THE SYSTEM SHOULD REQUIRE MINIMUM DEVELOPMENTAL
FLIGHT TESTING.

THE DEPLOYMENT SHOULD BE CONTROLLED, PREDICTABLE,
AND REPEATABLE WITHIN ACCEPTABLE LIMITS,

LITTLE OR NO DEPLOYMENT DAMAGE TO THE DROGUE SHOULD
OCCUR, BECAUSE THE DROGUE IS TO BE REUSED APPROXIMATELY
TEN TIMES.

2-10
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DROGUER DEPLOYMENT METHOD NO. 1 (BASELINI)

In deployment Method No, 1 the following deployment sequonce occurs:

1. The noso cap is ejected from the SRB with sufficient velocity ,
(80 fps) to clear the drogue pack.

2. A tether connecting the nose cap and drogue pack cxtracts
the drogue pack. '

3. The drogue ia deployed as the drogue pack separates from the SRB.

This method was selected by NASA as the baseline drogue deployment method primarily
for cost reasons.

Initial objections to this deployment method were stated by Sandia because it did not follow
state-of-the=art design practice (criterion 1), Heavy ribbon parachutes are nearly always deployed
using a large extraction {pilot) parachute and high strength line and canopy ties. Criterion 2
would almost certainly be viclated because extensive developmental testing of this rather unusual
deployment method would be necessary. It was also suggested that the nose cap would provide
insufficient drag to cause a rapid pack separation and to ailow the uae of heavy line ties. The
result would be considerable line sail, a very disorderly deployment, and a sighificant and
unpredictable amount of deployment damage. Based on past experience with similar parachutes,
it was therefore suggested by Sandia that the baseline drogue deployment method {Method No. 1)
was not acceptable because it satisfied none of the requirements for a successful system,

In order to investigate Method No, 1 in more detail, computer simulations and wind tunnel
tests of the nose cap ejection and drogue bag extraction were conducted. Both the noge cap and
drofue bag were simulated ag six-degree-of=freedom bodies as described eartier in this section,

Wind tunnel test films for the Method No. 1 deployments showed essentially the same behavior
as the computer simulationg, The ejected nose cap quickly trims into the relative wind, the drogue
pack is vanked from the SRB when the tether hecomes taut, and much of the drogue deployment
ocecurs when the pack is breadside or backwards.

IMring a gignificant portion of the deployment the relative deployment angle is 90 degrees or

greater, At full scale velocities this misaligned deployment \-ould almost certainly cause unaccept-
able damage to the drogue.

In summary, experience, analysis, and test all indicate that Method No, 1 (basecline) drogue
deployment would be unacceptable for deployment ol the SR drogue.

RERIL]




DROGUE DEPLOYMENT METHOD NO, 1 (BASELINE)

[T

/:::-

- Md— Nose Cap
SRB \

Deployment Bag

« NOT ACCEPTABLE FOR LARGE PARACHUTES

* UNCONTROLLED AND UNPREDICTABLE DEPLOYMENT WOULD RESULT IN
COMPLETE FAILURE OR INCREASED DAMAGE ON DROGUE

2-21
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DROGUE DEPLOYMENT METHOD NO, 2

In Method No, 2 the nose cap is ejected with the drogue packed inside. The drogue is thus
deployed directly from the nose cap as the cap separates from the SRH.

This method would also be unacceptable for deployment of the SRB drogue. Since the nose
cap quickly trims into the relative wind after it is ejected, a large relative angle between the pack
and deploying drogue would also be pregent in this method, Also, as was illustrated in the wind
tunnel tests, much more energy is required to separate the nose cap than would be the case in
Method No. 1. Using the same separation energy as Method No. 1, the Method No. 2 wind tunnel

nose cap and drogue pack fell to the wind tunnel fioor and only deployed the drogue as the nose
cap rolled along the floor.




DROGUE DEPLOYMENT METHOD NO. 2 |
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DEPLOYMENT METHOD NO, 3

Methods 3 and 4 uge an extraction or pilot parachute to deploy the drogue. In Method No. 3
the deployment sequence is:

1. A pilot chuie attached to the nose cap ig deployed from the noge cap tip either
using a mortar or the drag of a small section of the noae cap tip.

2. The nose cap with the drogue pack inaide is released from the SRB or given
a small separation veloeity.

3. ‘The pilot chute separi.tes the nose cap and drogue pack from the SRB,
deplaying the drogue.

Results of a computer simulated Method 3 deployment were previously illustrated on page 2-13,
The drogue pack angle-of-attack history was obtained using a computer simulation which assumed an
18=foot pilot chute. The pilot chute quickly aligned the drogue pack with the relative wind s0 that the
deployment took place, as it should, with little relative angle between the pack and deploying parachute.

The wind tunnel test films of Method 3 show easentially the same behavior. In the wind
tunnel test, a gcaled 8-foot pilot chute was used. This chute was smaller than would be required
for adequate deployment control and pack stabflity. However, Method 3 would appear to be an
acceptable methad of deploying the SRB drogue if a large enough pilot chute (15 to 20 feet) and a
high strength line tie aystem were used,

Alethod 3 has a couple of possible advantages over Method 4, Little energy would be required
to scparate the noge cap, and the attached pilot chute should prevent any poasibility of recontact
of the noge cap with the SR after parachute deployment. A possible problem with Method No. 3
would oceur during the initial separation and rotation of the nogse cap. Careful analysis would be
required to insure that nylon components did not come in contact with the solid edges of the nose
cap during this phase of deployment,




DROGUE DEPLOYMENT METHOD NO, 3

Nose Cap

/

‘ — _._‘j-? ‘
: { |
L Pilot Parachute
: Deployment Bag
3

|
-
3
¢ COULD BE USED TO DEPLOY DROGUE

3 « NEED LARGER PI1.OT CHUTE AND STRONGER LINE TIES
i ¢ PILOT CHUTE COULD BE DEPLOYED BY EJECTING NOSE CAP TIP
.
r s INITIAL SEPARATION NEEDS MORE S1UDY
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DEPLOYMENT METHOD NO, 4

In deployment Method No. 4 the following deployn.ent gequence occurs:

1. The nose cap is ejected from the SREB with suffictent
velocity to clear the drogue pack,

2. The separated noge cap deploys a pilot parachute.

3. The pilot parachute extracts the drogue pack from the SRB, * ,
deploying the drogue. :

¢
The wind tunnel test filma showed that Method 4 provided reasonable deployment control,
although like Method 3, the scaled 8-foot Pilot chute was not large enough.

Method 4 would therefore be acceptable for deployment of the SRB drogue if a large enough
pilot chute (25 to 20 foot diameter) and a high-gtrength line tie system are used., Method 4 has a
couple of advantages over Method 3 which give it an overall advantage, and hence make it the
preferred method. First, deploying the drogue from a deployment bag using a pilot chute is the P
most conventional system possible. Maximum use of past experience could be made, and minimum
developmental testing would be required, Second, drogue deployment is made independent of the

nose cap efection. Digpersions in the SRB attitude and rates at drogue deployment would have ;
only minor effucts on the drogue deployment itself,

e SR b o sini iUl aet T Lo bl N el ST e G T S
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;
An additional wind tunnel series which would investigate pilot chute size, line tie strength, i
pilot chute riser length, nose cap tether length, and initial booster attitudes in greater detail

would be extremely useful in designing the drogue deployment aystem.
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DEPLOYMENT METHOD NO, 4 j

;: . ployment Bag ;
Nose C{:
f Deployment Bag
3 _ Pilot Parachute
i » PREFERRED DROGUE DEPLOYMENT METHOD
‘ * NEED LARGER PILOT CHUTE AND STRONGER LINE TIES
1 ¢ RUN MORE WIND TUNNEL TESTS TO OPTIMIZE SYSTEM
4
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SECTION 3
PARACHUTE INFLATION ANALYSIS
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RESCRIPTION OF ANALYTICAL INFLATION MODEL

The analytical madel used for the inflation analysis ia described in detail in Ref. 3-1. The
approach used differa from methods developed by others in that it utilizes momentum equations
ratter than a conservation-of-mags equation to describe the motion of the parachute canopy.

The major assumptions made for the inflation analysis are listed below:

1. The parachute canopy is modeled as two lumped masses, each with
two degrees of freedom.

2. Aerodynamic forces are approximated by the sum of quasi-steady
and fluid inertia forces.

Quasi-steady forces include a drag force proportional to parachute
cross-sectional area and a radial force proportional to the inflated
canopy area forward of the maximum radius point.

4. Fluid inertia forces proportional to axial and radial acceleration
are included.

5. The portion of the canopy from the skirt to the maximum radius
point i3 approximated by a conical frustum, while the canopy aft

of the maximum radius is approximated by an oblate spheroid with
constant eccentricity.

8, Llastic forces are obtained from static load-strain data for the
materials used in the parachute.

7. The forebody and parachute are asaumed to follow the same ballistic
path.

Trajectory coordinates used in the inflation model are de
required: three flight path coordinates {forehandy,
point}, two radial coordinates (parachute skirt and
path angle.

fined. Six degrees of freedom are
parachute skirt and parachute maximum radius
parachute maximum radius point), and the flight
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DESCRIPTION OF ANALYTICAL INFLATION MODEL

Trajectory coordinates for inflation model.

System forces during inflation.

Schematic of elastic components
in inflation model.

Cancpy geometry for inflation model.
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ARRODYNAMIC DATA IN INFLATION MODEL : I

Aeradynamic forcee on the parachute in the axial (drag) and radial directions are expressed i
as & function of goometric porosity in the intlation model. The data were extracted from wind !
tunnel and flight teats of parachutes. Because the aerodynamic data are expressed in this way, i B
parachute porosity can be specified independently in any inflation analysis. : 1
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AERODYNAMIC DATA IN INFLATION MODEL
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o Reference 12
0, 5b X 76-Ft Diameter Parachute
’ + 23-ft Diameter Parachute
ol : , '
0 10 20 30

Geometric Porosity Including Strain

Effect of porosity on full-open drag coefficient based on projected area.

3 C
55 - 0,625 - 0.316),

D

9c x © Reference 12

© 1st Stage 76-Ft Diameter Parachute
x 2nd Stage 76-Ft Diameter Parachute
+ 23-Ft Diameter Parachute

Radiat Force Coefficient/Drag Coefficient
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Geometric Porosity Including Strain

Effect of porosity on radial force coefficient,
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COMPARISON OFF PREDICTED INFLATIONS WITH TEST DATA

Predicied force and geamaetry during inflation wore compared with flight test data in Ref. 3-1,

Solutions to the equations of motion were compared with available shape and load data for the
23-it ribbon parachute (Ref. 3-2) and the 76-ft ribbon parachute (Ref. 3-3} developed by Sandia.

Shape and parachute dimensional data were obtained from computer-generated plots of digitized
flight tilm frames.

Force measurements were taken from forebody accelerometer data.

A sample comparison of actual and predicted data for a test of tne 231t parachute is shown
opposite. The comparisons of predicted loads and shapes with the experimental data are good,
considering the simplicity of the inflution maodel, Data from a test of the 76-ft parachute also are
compared with predicted geometry and load data. Again, the comparisons are quite good.

Based on these comparisons, it is concluded that the in

flation model should accurately pre-
dict the forces and shapes for the SRB drogue and main para

chutes during inflation.
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COMPARISON OF PREDICTED INFLATIONS WITH TEST DATA
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NOMINAL CONDITIONS FOR DROGULE INFLATION STUDY

The configuration used for the SRB drogue parachute inflation study is defined in Ref, 3-4.
The drogue is a 20° conical ribbon parachute with a nominal diameter of 54 feet and a suspension
line length of 96 feet. An average geometric porosity of 16 percent is specified in Ref. 3-4, al-
though other porosities were assumed in the study when required. The basic inflation model was
modified for the drogue inflation analysis to include a three-d gree-of-freedom planar motion SRB
rather than a point mass forebody. The parachute was assumed to be aligned at all times with the
relative veloeity at the attach point on the SRR, Iitial errditions at the start of drogue inflation
were obtained from NASA SRB trajectory studies. Droyue inflation wag assumed to start at an
altitude of 117, 000 feet and & dynamic pressure of 200 paf with the SRB in a vertical trajectory and
a broadside attitude. A nominal reefing time of 12 sec was specified by NASA and was used for all
inflations. In most cases the reefing line length was adjusted to provide equal maximum loads on
both the reefed and full open drogue.
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NOMIN VL CONMIRTIONS POR DROGUL INFLATION STUDY

DROGUP CONTIGUIYTION —  ASD-ASTN-1816 (B2, 4-4)

INITIAE AL NN - 19, 000 PP

.
® INTEEATL, DYNAAC PRESSURE = 200 J.1/ !"'I':!
' INITIAL TRATECTORY ANGLE = -00° (VERTICAL)
[ PWITIAL SRB PFLCH ANGLE = 0° (HORIZONTAL)
L REEFED TIME DELAY = 12 SEC
.
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SRE DROGUVE INVLATION — POROSITY - 16 PURCUENT, NO SRR WAKKE INTERFLRENC

I tbe pagtid mnlysig of the SHB fdrogue inflation the onntiguration specified in Ref.

ot cavecthe ot the inflation reedel v ith no rediwetion in porachute drag due to SRB wake efrects,
A iR v et of P, 000 nounds was ased. Although the SRB turn - around and pitetr angle deeay
~oniite similar to that being used by NASA, the infiation lords of pproximatety 200, 000 peunds
Coore saenifhennti targoer than the 220,000 pounds= uesign lead o gge. f
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PARACHUTE OPENING SHOCK FACTOR

The variation of parachute drag coefficient with porosity and suspension line length is dis-

portant effect which influences parachute
The ratio of maximum force to steady

nnel tests of 3-foot diameter ribhon para-
low porosity ribbon chutes (poroaity of about 20 per-
omes large and cannot be ignored in calculating inflation

cussed clsewhere in this report {p.1-15), An addition im
inflation loads is the dynamic or "opening shock" effect.
drag force was measured by Sandia in a series of wind tu
chutes of different porosities (Ref. 3-5). For
cent or tess), the opening shock factor bec
loads.
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SRR DROGUL INFLATION — POROSITY = 21 PERCENT, NO SRE WAKL INTERIFERENCI

Inflation 1eads for an SRY drogue with genmetric porosity of 21 percent were generated.
This porosity provided approximately the desived full open drag area for the 54-foot diameter
drague. Awnin, no 8RB wake interference was agsumed. An 8RB weight of 164, 000 pounds was
used, Tnflation louds of ahout 240, 000 pounds were much rloser to those used by NASA to desipgn
the drogue. SRB turn-around dynamic motion was easentially unchanged,
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BREB BROGUE INFLATION ~ POROSITY - 16 PERCENT, NO SRR WAKLE INTERFERENCE,
INCREASED SRB WEIGHT

SRR weight during the droguc phase was increased to 171, 400 pounds. The weight increase
caused a slight increase in maximum inflation load for the 168 percent porosity drogue. The larger
SKB welght was used in all succeeding inflation studies.
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SRE DROGUE INFLATION = HICGH ALTITURE DEPLOYMENT

In support of a study of other methods of Initiating recovery, drogue inflatian was simulated
for doployinent ot an off~nomingl trajectory condition., An initial altitude of 40, 000 feet and n
dynimic pressure of 110 b/t were uged. The 18 percent porosity drogue with no SR wike in-
terference and an SRE weight of 171, 400 pounds wore assumed, Reefing ratio and reefing time
were kept af nominal values, Maximum second stage inflation 1oad of 230, 000 pounds is scen to
he about the same as that for a nominal deployment.
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SRB DROQUE INFLATION — HIGH ALTITUDE DEPLOYMENT
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SRB DROGUE INFLATION — POROSITY = 16 PERCENT, 12 PERCENT DRAG REDUCTION DL
TO SR1B WAKR

E
t

Wind tunnel tests conducted by NASA (Ref. 3-8} on scale models of the SRE drogue in the
presence of the SR revealed a gignificant reduction in parachute drag due to the SR} wuka. Maxi-
mum inflation londs for the 18 percent porosity drogue with the drag coefficient reduced by 12 per-
cent (typical of the wind tunnel wake interference results) are seen to be reduced from 280, 000
pounds ta ahout 250, 000 pounds. Reefing iine length was increased from the no-inteiference casu
to balance first and second stage loads. SRB weight remained at 171, 400 pounds,
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SRB DROGUE INFLATION — POROSITY » 18 PERCENT, 14 PERCENT DRAG REDUCTION
DUE TG SRR WAKE
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SR DROGUE INFLATION = POROSITY = 20 PERCENT,

12 PERCENT DRAG REDUCTION HU)
TO 8RB WAKE

Wind tunnel data from Ref, 3-8 indicated that for a 54 foot chute with G font auspension
Lines, a 20 porcent porosity chute would be required to provide the desired drag in the SRI3 wake,
After increasing the reofing line length to balance maxi

mum loads on both stages, the maximum
inflation loads for the 20 percent uorodity drogue in the SRB wake wore approximately 220, 000
pounds,
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SRB DRCOUE INFLATION — POROSITY » 20 PERCENT, 13 PERCENT DRAG REDUCTION
DUE TO SRB WAKE
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SRE DROGUE INFLATION — POROSITY = 20 PERCENT, 12 PERCENT DRAG REDUCTION DUL
TOSRB WAKLE, 10*/S1:C PITCH DOWN RATIL:

The effect of an initial pitch down rate on SR drogue inflation loads was investigated. An
initial pitch rate of 10°/gec and an initial 20° nose up pitch attitude were used. The maximum in-
flation lond on the first stage occurs when the SRR is approximately horizontal for this set of

initinl conditions. The pitch rate effect ts aeen to increase maximum inflation londs from 220, 600
to 226, 000 pounds.
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SRB DROGUE INFLATION — POROSITY = 20 PERCENT, 12 PERCENT DRAG REDUCTION
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SRE DROGUE INFLATION — REDUCTION IN FIRST STAGE LOAD

Due to SRI structural design considerations, it has been suggested that the first stage drogue
inflation load be less than the second stage load. Flrat stage load subjects the SRR to large hend-
ing moments while the second stage load causes only minor bending momenta. A series of inflatior.
simulations with smaller reefing line lengths were run. A 20 percent poresiiy drogue with a 12 per-
cert SRB wake effect was used.  An initial pitch down rate of i10°/sec and an inftial pitch attitude of
20* node up were assumed, an SRI weight of 171, 400 pounds was used. From a balanced load con-
dition of 226, 000 pounds, a deliberate load unbalance of 140, 000 pounds minimum and 310, 000
povnds maximum was obtained,

.
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SRE DROGUE INFLATION — REDUCTION IN FIRST STAGE LOAD
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SRR DROGUE INFLATION — REiFING LINE LOADS

A unique feature of the analytical inflation modet is that reefing line loads are calculated .
along with other elastic loads in suspension lines and radials. The maximum reefing line load is
merely the hoop tension resulting from the radial force required to reatrain the mass cancentrated
at the parachute skirt. Load/strain data for the reefing line material must be input into the infla-
tion program. The model provides a very conservative calculation of maximum reefing line tension
because the large mass concentrated at the parachute skirt causes a dynamic amplification which is
considerably greater than the actual condition where mass is distri{buted along the suspension lines
and radiale. An attempt was made to filter out this dynamic effect by adding critical viscous damp-
ing to the reefing line force and plotting only the elastic part of the force. The critically damped
case is considered more realistic for design purposes. The nominal initial conditions were asg- o
sumed for both cases except that an initial pitch attitude of 20° nose up and pitch rate of 10° per :

second nose down were used. Caleulated reefing line tension for the undamped case wag 4100
pounds and for the critically damped case was 3450 pounds.
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SRB DROGUE INFLATION — REEFING LINE LOADS
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NOMINAL CONDITIONS FOR MAINS INFLATION STUDY

The configuration used for the SRB main parachute inflation atudy is defined in Ref. 3-4,
Three 104-foot dinmeter 20° conical ribbon parachutes with a suspension line length of 104 feet
form the main cluster. An average porosity of 18 percent is specified for the main clustor. The
baaic inflation model was used for the main chute inflation analysis e:ucept in a few cases where
multiple independent parachutes were coupled to the point mass forebody. Initial conditiona at the
start of main inflation were obtained from NASA SRR trajectory studies. Main parachute inflation
was assumed to start at an altitude of 8880 feet and a dynamic pressure of 147 paf with the SRB in

a vertical trajectory and a tail-firat attitude. Nominal reefing time delays of 13 seconds and 8
gdeconds were specified by NASA,
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NOMINAL CONDITIONS FOR MAIN INFLATION STUDY

e MAIN CONFIGURATION - ASD - ASTN - 1818 (REF. 4)
. INITIAL ALTITUDE = 88680 FEET

b INITIAL DYNAMIC PRESSURE = 147 LB/ FT2

. INITIAL TRAJECTORY ANGLE = -90° (VERTICAL)

. INITIAL SRB PITCH ANGLE = 90° (VERTICAL)

] FIRST REEFED TIME DELAY = 13 SEC,

° SECOND REEFED TIME DELAY = § SEC.

3-31
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SRH MAINS INFLATION = NOMINAL, CASE

In the initial analyais of the SRI3 main chute inflation the configuration specified in Rof, 3-4
wig input direetly into the inflation model, All three parachutes were assumad to inflate in a per-
foctly synchronous manner. The maximum inflation load of 130, 000 pounds per parachute pre=-
dicted on the first two stages was aimilar to NASA predictions. The predicted final stage inflation
load of 125, 000 pounds was significantly higher. A rapid final stage inflation resulting in a larger
than expected final atage load was alsu observed in tests of the Sandia developed 78 foot chute (Ref.
3-8). Since the inflation model correctly predicts this behavior the predicted final stage inflation
loads for the SR1} main chutes are considered realistic. SRB weight during main parachute opera-
tion waa assumed to be 139, 000 poundas.
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SAB MAINS INFLATION == NONSYNCHRONQUS DISRLETFING

One of the major problems encountored in the use of reefed parachutes in eluators is tho
problom of nonaychronoua disreefing of individual perachutes. This ean occur if Initintion of all
cuttor timo delays is not perfectly simultaneous or if tolerances in cutter timo delaya cauge Blg-
nifienntly different disreef times. Nonsynchronous disreefing can cause unequal loadings In papa-
chutes, and since it ia not known ahead of {ime which parachute will inflate firat and carry the
lurgest load, all parachutes must ba designed to the higher loud experienced by the "ead"” para-
chute, In order to estimate the magnitude of this problem the inflations of all throe parachutes in
the cluster were modeled independently using the inflation program. Time delay tolerances for
pyrotechnlc reefing cutters are in the range of § percent to 10 percent of delay tim~. Inflation
loads were calculated for an early diereef of 8 bercent and 10 percent of the larges: (13 second)
time delay on one parachute. Maximum inflation loads on the lead chute were »zoroximutely

145, 000 pounds. The difference between this value and the nominal value was within the unequial
loading tolerance being used by NASA,
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SRB MAINS INFLATION — NOMINAL CABE, INCREASED SRB WRIJHT

The nominal (perfectly sychronous) inflation of the SRB main cluster was simulated for an
increase in SRB weight to 167, 000 pounds during main chute generation. Maximum inflation loads

were inereased slightly to about 135, 000 pounds, and the final stage load was fncreased to a level i
nearly equal Lo the first two atages. :
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SRB MAINS INFLATION — HIGH ALTITUDLE DEPLOYMENT

TAFNLE =T YRS

The effect of deployment of the SRB main chutes at a much higher altitude (35, 000 feet) was
investigated. Initial dynamic pressure, reefing line lengths, and reefed time delays remained un-
changed. Maximum inflation loads on the second and third stages were increased to about 160, 000
: pounds. The increased loads at higher altitudes is expected since at higher altitudes longer delay
: times are required to provide a given amount of deceleration.
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SRB MAINS INFLATION — REEFING LINE LOADS

Maximum reefing line loads were also calculated fo
program. Maximum loads for no damping (6000 pounds)
reefing tine were calculated. Of these,
more realistic for design purposes.
was uged.

r the SRB main chutes uaing the inflation
and critical damping (5000 pounds} in the
the lowar value for the critically damped case is congidered
An SRB weight during main chute operation of 167, 000 pounds
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SRB MAINS INFLATION — REEFING LINE LOADS

No Damping
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SECTION 4
PARACHUTE STRESS ANALYSIS
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SUMMARY OF PFACTORS OF SAPETY ON DROGUR ANIY MAIN PARACITUTES

This table summarizes the results of the CANO structural analysea conducted on both the
droggue snd main purachutes, If, as Indicated on the drawings, the Intent s to have n factor of
aafety of 2,0 in the parachute design, this goal has been met in all areaa but the suspenslon lines
of the drogue chute, In fact, the analysis indicates that the strength of the horizontal ribbons in
the drogue and the main chutes as well as the material atrength in the radials of the main chute
could he reduced substantially with some associated weight savings,




SUMMARY OF FACTORS OF SAFETY ON DROGUE AND MAIN PARACHUTEL

Minimum Factors of Safety in Factors of Safety in
Radlal Horizontal Suspension Reefing
Elements Elements Liner Lines

Drogue Parachute

Fully inflated 3,3 4.9 2,9 -

Reefed (0, 80) 3.4 4.9 2,9 7.4
Main Parachute

Fully inflated 4.9 8.8 3.0 -

Reefed (0.464) 4.9 1.6 3,1 3,9

Reafed (0,18) 4.9 7.4 3.1 7.0

NOTES:

1. Factors of safety are based on rated materinl strengths,
2, All joint efficiencies were assumed to be 100%,
3. Drogue parachute rieer load was 228,750 1b,
4, Main parachute riser load was 132,833 1b,
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THI CANO COMPUTER PROGRAM

CANO |8 a parachute atructural analysis code which was fleveloped by the
tion, Ventura Divizlon, under A NASA contract, The

chute shape reaulting from a specified riser load and
detail In the analysls is governed by the number of el
Predent versions of the program allow the use of up
horizontal ribbona, salls, skirt handa, vent bands,
membranea, Nonlinear material properties are m

Narthrop Corporas
program prediets the internal londs und pura-
applied preasure diatribution, The amount of
ements used te model the parachute atructure,
to 300 elements, Varioua elements, such as
and radial tapes, are analyzed as deformable
odeled In a piecewlse tinear farhion,

Although the code performs a atatic analysis of the modeled structure, our use of the code
has, to some extent, taken into account the dynamic response of the parachute, This follows from
the use of peak riser loads predicted by DYNAFLATE (see page 2-16) as input in the CANO analysis. '
The assumption that all meridonal loads are reacted by the radials means a8imply that the true ef-
fect of vertical tapes cannot be determined, The strengths of adjacent rerticals are lumped into
the radial atrengtha in the computer simulation of the structure, This provides a reasonable ap-

proximation 1o meridional stiffness but does nothing in the way of predicting the effect of the vertj-
cals on the configuration of and loads in the horizontals,
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THE CANO COMPUTER PROGRAM

Capabilities
Structural ldealization of

Horizontel ribbone

e L LSRR TIPS AP AUV A

Skirt bands
Vent bands
Vent lines
Radial tapes
Sails
Reefing linea ' b
Suspension lines |
Nonlinear Material Characterization

Prediction of Internal Load Distribution
and Equilibrium Shape

Limitations
Static Analyais

Model Assumes that All Gores are
Identical

No Horizontal Variation in Pressure

All Meridional Loads Reacted by Radials
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PRV OF CANO MODET G TN PLOAL RIBBON PATRACTHCTE Gond,

i bopienl gore model {lustrates the basic procedure used in discretizing the Jdeogae ona

st prrochaes for CANO analvsis,  The number of finite olen enis e s deterinined By 1
PSR in the cade ihustrated, as well ag in the main and drooue poroehute analveed,) et
Arioomad ribbon was modeled as one element,  Hated strengths of the miateriol s were used os
it Lo the codhe for all eletments,  Juint efficiencier were consideros ta ke 100 percent throogh -
it tae analves, A indieated mothe illustration, radial strengths nre input 09 total load ciepacity,
ie lewontal strengths ure input in lozd ner inch of element widtly, Where appropriate, the
: slostrensths inclwde the strength of two adjacent verticals, The first and last element in the
coleomlest be loeated o1 the top edge of the vent band and the bottorm edpe of the skirt band, rospoc-
tovebe o Purthermore, the width of these two elements is specificd as twice their actual width,

it mav he seen that the elements are numbered in sequence from the vent band to the skirt
Goondd,. This is opposite to the convention originglly used in CANO, This revision was made so thut
O8N0 irput wonld follow the numbering convention commuonly used on parachute drawings,
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EXAMPLE OF CANO MODEL OF TYPICAL RIBBON PARACHUTE

Element Element Radisl  Horls, 2.80
Etamsnt  Width  Langth Rrength Srength
No,  _Gn)  _Ga)  _Gw), (bflo )

1 4000 2,08 13000 M 1 -
Y t.Hs A7 13000 3313 T
] ;::: 40 l:gg: :::a 2 0,625 N
[ . . 1 L ] : H
3 . s .48 G668 17000 1M {5) places 17 i
3 ¢ M0 e 1700 um A
] 1 2,990 090 17000 1284 S
Ponm o am 0820 :
. 10 238 B84 17000 1284 (5) places i
11 .33 e 17000 "ne 8 )
12 2,983 o7 11000 "e E
13 £.39% 10,37 17000 ;1) ?
§ 14 8,343 10,8 17000 "
' 1 2.0 11,83 17000 ”ne 8 i
1 .36 4.1 17000 "o o ]
I L3
. 1 . .
' 0 2,208 13.M 17000 ne 10} (18 places) 72,0
30 2,09 14,42 17000 ne 11
n 2.3 15,00 17000 ne .
22 2.993 15,38 1100¢ ne 12 -3
3 a3 2.1 1018 17000 ne 0,378 .
“ 2,207 18,1 17000 il 1 (18) places
1 2,018 1138 17000 m )
% 2,015 1.1 17020 T4 14 .
" 2.015  18.3% 7000 "
28 2,008 1.7 17800 44 15 :
2 2,018 19,20 11000 T4 18
50 2.018 10.89 11000 4
.b n 4.030 20.43 11000 e 17
F ' B
A Flement Width 2,015 typ. C
: 20 3
‘ 21 L
22 o
E 23
0.128 o124f70,125 '
1) ".ﬁ‘ 25 {1 pllee
3 28
1 27
28
I 29
; 30
9 |
I j\\‘"
4 20,42
i
F ‘*
;.
g |
. s
? . . .
y
'r <
: +
s A
! . -
| t
.7|1 ;
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VIATERINL CHA RACTERIZATION

it in the drogue and main parachute designs,

inalvsii woa obtained from teats on 52 specime
atecicl hehavior was approximated in the plec

e CANO cade has the capabilit; of using up t
lincar materisl behavior,

Load vevaus strain inforraation was not avajleb

The material characterization used
na from ten types of nylon webbing,
ewise linear manner indjcated by the

le for the vast majority of materials Rpeci-

i the CANO
The nonlinear
dotted lincs,

0 seven straight line segments to approximate non-
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FAILERE INDICES FOR DROGUE PARACHUTE WITH REEFING RATIO OF 0, 815

On this and all succeeding curves describing CANO results, the elements are numbered
from the vent band to the skirt band, This corresponds to the convention previougly described for

CANO input,

“Failure index" is defined as load/rated strength, Thus, the failure index defines the
proximity of the material to a failure strength, It Is Implied here that, for the nylon materials
used, failure will occur at the rated strength of a material,

Thesge curves present a rather concive, yet complete, picture of the load distribution in
the parachute canopy. The discontinuities which exist are due to changes in material strengths
and corresponding stiffress changes, An example of this is the effect of the horizontal reinforce-
meut in element 73 which may be cbserved on this and the following graph,

It may be seen that a considerable variation exists in the value of failure index of the hori-
wontals. This is generally true for the horizontals in both parachutes in the reefed and fully in-
flated conditions, It is concluded from this that optimum use is not being made of the material for
the pressure distribution and riser load under consideration,

For the reefed drogue, lower strength horizontals could be used in all areas of the struc-
ture. This conclusion i8 based on the stated design factor of safety of 3.0 and neglecis joint effi-
ciencies, material property degradation due to temperature offects, and other similar considera-
tions, [t should also be restated at this point that nylon properties for the materials specified on
the parachute drawings were not availuble and that average properties from tests on numerous
tvnes of mlon webbing were used in the analysis, Alore analyses using load versus strain infor-
Mation far the materials actually specified in the design is recommended prior to o redesign,

The sirength of the radials appears to meet the design intent more clozely than the hori-
womtal strengths in this case,




FAILURE INDICES FOR DROGUI PARACHUTE WITH REEFING RATIO OF @, 813
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PAHLERE INTHCES POR FULLY INFLATED DROGUE PARACHUTH

The coskitnum values of fallure index in both the p
i thes were for the recfed drogue,
She ahirt okl the

adialg ol horizontals are nearly the
e The horizontal ribbaong are stressed more highly neur

wdials are stressed somewhat less near the vent in this case,
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FAILURY INDICES FOR MAIN PARACHUTE WITH REEFING RATIO OF 0,18

The CANO analysis indicates that both the radlals

wersized, The riser load for this and the other two infla
132,833 i,

and horizontals have been slgnificantly
ted stages of the main parachute was
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. FAILURE INDICES FOR MAIN PARACHUTE WITH REEFING RAT'IO OF 0,18
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FAILURE INDICRS FiXt MAIN PARACITUT)S WITH REEFING RATIO OF 0, 464

The maximum vilues of fa
the reefing ratio was 0,14,
strength

Hure index are approximately the s
Again the analysis indicate

fme as for the cage wheroe
d weight can be cut from th

8 that congiderahle amount of material
€ main parachute design,

and some asgos iate

N e e
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Failure Index

FAILURE INDICES FOR MAIN PARACHUTE WITH REEFING RATIO OF 0,464

0.40 r
Design Gorl
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0.30
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0,20 |
0.10 Horizontals

0 50 100 150 200 250
Element Number

4=17

ELTIE T




FAILURE INDICES ron PULLY INFLATED MAIN PARACHUT:

The maximum val
analveis of the ye
0. 13 for the
flatlon condj
approximate
are the wea

ue of the failure index in the radinly |5 apny

oximately 0,2 ag it was in the
cfed atages, Phe puak failure {ndex for the horiz
renfod stages to 0,10% fo

ontal ribbong hog dropped fpom
' the fully inflated condition, "The analysges for al) three in-
tions thus indlente that the minimum factor of Bafety In

the radials und horizontals iy
ly 5.0, The tabulated results Presented on page 4.3 indieate that the suspension lineg
k link in the main parachute aa they are in the drogue,
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' | FAILURE INDICES FOR FULLY INFLATED MAIN PARACHUTES
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FULLY IN TOATED MAIN PARANCHUTE CANOPY SHAPE

oaddition to caleulating oad and strain distribution in a parachute, the CANO computer
Prop e also determines an equilibeium canopy shape, The predicted main parachute shape fur
el infhated condition s predented here, ‘The ordinate of the fraph is the centertine of the
Lot The solid line represents the deformed shape of the radials, The dashed line illustrates
t! of the goare centerline and indicates the amount of gere bulge,
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PARNCHUTEH OPTIMIZATION

Because of the nature of parachute structures, they land themselves well to optimization,
A madified version of CANO (called CANOPT) exists inwhich parachute optimizatior is attempted,
The code attempts to mateh mirterial strengths to loads in the individual elements, An iterative

provedure (s carried out until the strength of each element is within specified limit of the luad
i1 the elemoent,

liustrated here are the results of an attermpt to optimize a 14-foot ribbon parachute, The
original horizontal ribbon selection resutted in a conservative design in all areas relative to the
desired goal, Although the optimired structure Joes not achieve completely the design intent, it
romes far closer to this goal than did the origina? design, For thig parachute, the analvsis pro-
dicted that a savings of 45 percent in horizontal ribbon weighs could be realized through this op-
timisation, This result assumed that an infinite variety of material strengths were available fron,

whieh o parachute could he constructed, The weight savings for a bufldable chute would be approx-
heatels 20 percent,

The large changes in slope between elements 13 and 1€ and between clements 20 and 25 are
related to targe discontinuitios in horizontal ribhon strengths spocified in the original desien, Thas
Hatre effect would e obhserved at locations of the horizontal reinforcement bands in trving to opii-
toive the drogue and main parachutes
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PVNALIC STRUCTURAL ANALYSISOF PARACIHUTES WITH DYNAR ATY
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SECCRIPTHON T2 0 ON DY NAMIC SERUVCTURAT ANALY SIS CODES

©cilnstiate the piccewise linear nycdels of the stress-strain curves generally
crenetnral malvsis cotoputer progrants,  These graphs very adegquately model the
siedban prarachute construction,  Phe eurves indicate that strain rate effects

whincs i dhvmiinie caleunlations,  Little experimental data currently exist
it raetes seen in parachute dvnamics,
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S1'RESS-STRAIN CURVE USED BY ADVANCED CODE

STRESS

STRESS-STRAIN CURVE ACCEPTED BY DYNAFLATE
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NVIRONMENTAL/ FATIGUE CYC'.E TESTING FOR FARACHUTE MATERIALS

PROI'OSED "FATIGUE" CYCLE FOR PARACHUTE EXPECTED RESULTS FROM MATERIAL
MATERIALS TESTS

oAp  ————P FAILURE

-’ '
STATIC TESTING ELONDATION :
] ENVIRONMENTAL ‘

m:cts WORKING
STRESS

\___,/’

32

{atiar N (gedes)

LOAD ——

SLONGANION
:
i
DYNAMIC TESTING E
s ,
l ENVIRONMENTAL E !
l : EFFECTS WORKING
; STRESS \
. £HY, CYCLES

4-20




HECH SFIAIN BT TS PING OF PARACIHTTE MATERIALS

The first Yigure shows fopice ! steadn rate effects on nylon fibers,

I'op adequate characteri-
P U e et mostreuetapeal o, o

sis computer programs, Proper high steain rote tests minat
Peetertovieed, YMome af the hoedw g available to pertorm such tests are shown in thi

It M T the ethods possible aleuld be evaluated is to cost
e ey e of then s chasen,

second -
» avititability ) and offectivenoss




HIGH STRAIN RATE TESTING OF PARACHUTE MATERIALS

STRAIN RATE* EFFECTS ON TYPICAL
NYLON FIBERS

J; bl #1330 Winan
&

&0 8083 In/in A

10 0 0
STRAIN &
LOW STRAIN RATE  HIGH STRAIN RATE
BREAKING ELONGATION 0.4 T
BREAKING STRENGTH 48.2 65.4
INITIAL KODULUS 350, 1400,
ENERGY TO RUFTURE 1®, 52,

*DATA FROM HALL, HIGH SPEED TESTING, VOLUME IV

e, - : . e sl

AVAILABLE DYNAMIC TESTING EQUIPMENT

+ BROP TOWER - NASA, SANDIA g @

= RIGH G ACTUATCR - SANDIA

U N [ ]
« DROP TABLE - SANDIA IJE:‘I
v
L 1
| I 1
4-31
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PYNAAIC STRUCTPURAL, ANALYSIS O PARACHUTES WEPH AN ADVANCED CODE

Ancadvanced eomputep program is unede
dirensioniad struetural response of
parachite proe

1 development that will maodel the complete threo-
a purachute, Output of this code will define the motlon of o
i shown in the figure, Stressacas, straing, and displacements a8 o function of
fne will Lie computed for eadial tapes, horizontul members, and suspension lnes,




TYPICAL DYNAMIC PERFORMED SHAPES COMPUTED BY ADVANCI'D PROGRAN
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SECTION 5
DROP TEST PROGRAM
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A PARACHUTE DROP TEST PROGRAM MUCESSARY 2 ;
{

The Sandia views on whether o drop test program is a neeegsary part of the SRH parachute: 1
Eevelopment progenm we e regquested, A complete answer to the yuestion can only be stated hy :
cvalvating the probable iepset on prograni cost of vliminating drop tests, This was not attempted, 1
Bt sotne state ot and conclusions about the likely result of edliminating the drop test program '
acanchuicd, Thes statements apec based primarily on experience gained during the devielopment :
af beavy pibion parachintes, i
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IS A PARACHUTE DROF TEST PROGRAM NECLSSARY ?

A FLIGHT TEST PROGRAM 1§ AN ESSENTIAL PART OF THE DEVELOPMENT
OF NEARLY ALL STATE-OF -THE-ART RECOVERY SYSTEMS

THE SRB DROGUE AND MAIN PARACHUTES ARE NOT WITHIN THE DEMON-
STRATED STATE-OF -THE-ART

THE PROBABILITY OF A SUCCESSFUL RECOVERY ON TIHE FIRST FLIGHT
WITHOUT A DROP TEST PROGRAD IS SMALL—I.ESS THAN 20 PERCENT

WITHOUT A DROP TEST PROGRAM A PARACHUTE FAILURE ON THE FIRST
FLIGHT WOULD ALMOST CERTAINLY BE DUE TO A DESIGN DEFICIENCY
RATHER THAN A RANDOM COMPONENT FAILURE

ALL SYSTEMS IN EXISTENCE AT THAT TIME WOULD HAVE THE SAME
DEFICIENCY AND WOULD ALSO FAIL UKLESS RENESIGNED

THE PRIMARY FAILURE ANALYSIS AND REDESIGN 1..01. IN PAKACHUT.
TESTING IS EXTENSIVE PHOTOGRAPHIC COVERAGE

PHOTOGRAPHIC QOVERAGE FROM BOTH REMOTE ANND ONHOARD CAMERAS
IS AEQUIRED

GOOD REMOTE COVERAGE FROM CHASE AIRCRAFT AND GROUND STATIONS
I MOST E3SSENTIAL

GOOD REMOTE PHCTOGRAPHIC QOVERAGE OF RECOVLRY SYSTEAM OPERA -
TIONS WOULD BE EXTREMELY DIFFICULT DURING SR i 1IGHTS

THE DATA REQUIRED FOR A SUCCESSFUL REDESIGN WOUL D NOT 131
AVAILABLE

TEL ZMETERED DATA (EVENTS, LOADS, ACCELERATIONS, ETC.) PROVIDE
A SECUONDARY FAILURLE ANALYSIS TOOJ.

THE PRIMARY VALUE OF TEI EMETRY DATA IS TO VERIFY THE ADEQUACY
OF OR ALLOW IMPROVEMENTS ON A SYSTEM WHICH ALREADY WORKS

A RECEWING S8TATION IS REQUIRED TO OBTAIN TELEMETRY DATA

ONBOARD RECORDED DATA (MEASUREMENTS OR PHOTOGRAPHS) ARE
MFFICULT TO REQOVER IF A PARACHUTE FAILURE OCCURS

A DEVETOPMENTAL FLIGHT TEST PROGRAM FORR THE SRB RECOVLERY
SYSTEM IS ESSENTIAL

EARLY HOOSTER FLIGHTS {0 NOT PROVIDE AN ACCEPTABILE ENVIRONMENT
FOR BEVELOPMENTAL FI1IGHT TESTS

WITH AN ABEQUATE DROP TEST PROGRAM THE PROBARIITY OF A <UC-
CESSFUL RECOVERY ON THE FIRST FLIGHT IS5 1T ARGE—#0 PERCENT OX
GREAT R

PEVETFOPAENT OF THE SHE RECOVERY SYSTEREM SHOUT I NOT BE ATTEMEPTED
WITHOTT A REASORARLE DROP TEST PROGRAM

L LU,
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WHAT BOOSTER INSTRUMENTATION WOULD R, REQUIRLG:

IF NGO DROP TEST PROGRAM WERLE CONDUCTHED®

TELEMETRY (M CHANNELS
STRAIN GAGES

2 EACH MAIN 6

3 OROGUE 3

BARG SUITCH PRESSURE |
BARO SWITCH CLOSURE !
OTHER EVENTS 2.
W 2B

RECOVERY SHIP FOR CAMERZ.S

= TM RECEIVER STATION G0 CHANMELS:
= RADAR 1RACKING

= REMOTE PHOTO COVERAGE

REQUIRE

BOOSTER INSTRUMENTATION REQUIRED
IF NO PARACHUTE DROP TEST FROGRAM 1S CONDUCTED

INSTRUMENTATION CONVIENTS
CAMERAS - 8 RECOVERAELE VW !TH
4 - SIDE VIEW FLOTATICN £0D
2 - END VIEW DROGUE LACATION GeAR

2 - END VIEW MAIN

TELEMETRY TM CHAXNELS
3 = AKIS ACCELEROMETERS - 2 ¢
3 - AXIS GYROS -2 &
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TEST PROGRAM (BJECTIVES

RE-USE

VEH{CLE-DROGUE DYNAMICS
DROGUE PERFORMANCE

A DEPLOYMENT

8. INFLATION

€. LOADS

D DRAG

SINGLE MAIN PERFORMANCE
A, DEPLOYMENT

B. INFLATION

C. LCADS

D,  DRAG

MAIN CLUSTER PERFORMANCE
A, DEPLOYMENT

B.  INFLATION

C. LOADS

D. DRAG

L STABILitY

. DYNAMICS AT IMPACT
RE-FURBISH

RETRIEVAL

o rn F o Y LR TRy S,

fryse v
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AU presont, vy hierhe s knowe about the re-use question,  The ffocts of the repicataed
SPHREL b salt S eed o e anvestigated,  Data need (o be gathe pod
The facts that sealed data ape usable, that tests can be
and that snospensive drops can be made indicate that it would
start this phasse of the wsting as soon as paasible, Laborztory tests should
tod anoanterpretng the data from the drop teats,

wale e oot cortbag betwecn use
(SUINEE L SR THANTTE) Y N TRENATIPTRT I syosbe g,
Bt =g s st b tw age,
B e sapuble 1o

also e stited

Fin need tap Srting e =2e test= Sa00 can oot bee overemplhagised,
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RE-USE

A, SHOULD BE STARTED ASAP

B.  CAN BE SCALED EASILY

€. NOT EXPENSIVE

D.  USE EXISTING CHUTES ?

E  DONE IN CONJUNCTION WITH LAB TESTS
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2 VEHICLE-PROGUE DYNAMICS

A, CAN REALISTICALLY ONLY BE DONE
ON A SCALE MODEL

B. SCALE SHOULD BE AS LARGE
AS FOSSIBLE

C. 1/2 SCALE { & FT DIA, 70 FT LONG,
41,000 LB) 15 FEASIBLE USING
B52 MOTHER SHIP

D.  MUCH SMALLER SCALE WOULD
GIVE QUESTIONABLE DATA

e "Iﬁ),“:.:‘_'—:‘mh&%m e,
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DROGUE PERFORAANCY

Vo menbioned previons|y, deployprent from a gade an booster prosents sgpeciad probliins toy

e drogde paraehute system,  Deplovinent 1ests should he mndo with full seale parachutes and the
Aalf senbe vehelhe used anothe seale drogue tests,  This would help determshe the seale effeets and
anbannterpretation of the cavlier seale tests,

Inflitaon te st should b bude with the heaviost weight possible in order w obtaw inflation
tunes near those exps-cted i the fipal configuratian, An inercage in specd may be necessary to .
artug eealistic inflation time s,

To get loud iformation, specds will have to be inercased above design speed in orger to got
neak lomds to mateh those predicted,  Again, the wuight of the vehiele should bee as high as possible, .
Chvertestuy: s desirable to prove that an advquate design factor is attained

Prag informaton can be obtained on the above tests, so Ao special tests need be made to got
final drag data,




3 DROGUE PERFORMANCE

. A, DEPLOYMENT

. {l}  FULL SCALE, USING ¢ FT DIA VEHICLE

: LI USED FOR VEHICLE-DROGUE DYNAMICS
! @} CAN BE USED T0 CHECK SCALE EFFECIS

8. INFLATION
U) USE HEAVIEST WT POSSIBLE

= {21 DONE AT DESIGN SPEED AND

L HIGHER TO GET LOAD

% C. LoADS
= {)  HEAVIEST WE{GHT
o 2] INCREASED SPEED TO GET 1ST STAGE
B} ALTER REEFING FOR FULL OPEN LOAD
) NEED TO RELY ON COMPUTER TO
PREDICT LOADING
B}  OVERTEST ST AND 2ND 7} STAGES

D. DRAG
{)  GET DATA ON ABOVE TESTS
{2} NEED YO KEEP WEIGHT UP
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SINGLE MAIN PERFORMANCE
caice s ol sl e parachute necd oo e made be fore cluster testng s peefornnod,
v et weapht e need, deploven i, mitiation, aad Jowd tests are cssentially full seade,
v e roula ot pecd o e sl red for attaiming proper disvecfing loads,
Liase i a2 of aosinele nenn would give pood bascline data for the tollow-on cluster testing,
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4 SINGLE MAIN PERFORMANCE

A, DEPLOYMENT

i} WY OF 53,000 + LB, iF POSSIBLE

@) VEHICLE SHAPE NOT IMPCRTANT

B.  INFLATION - SEE ABOVE

1
-
TNEFOY ST Vv E VI, SN TONTIN

C. LOADS - SEE ABOVE

D. DRAG = SEE ABOVE
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MAIN CLUSTER PERFORMANC L

v the use of suehos arpe parachate o eluster at the spocd invelved, deployment and imtiael
sitlation e the bigpest pronhe sz anticipated,  Testing should bn: done with the proper pack con-
Dpuration, While vonuele shape is relatively ummportant, high weight as of prame concern,

=g adate from the single chuate tosts, the veefing can b altered to oltain proper loading for
the =ccond stape loads,

Presp and stalality data ean be guthered during the above tests,  Terminoal speed will be low
atic et Tow werght, but sualitanve information can he obtained on stability,

Wilvops condd be misde over water, 1mpact dynamics might he studied. Because of the veloc-
iy being wrond and @ soitable test site not being readily available, 1t is foit that impact dynamics
L =ting shauld not be done i conjunction with the above tests,

v




MAIN CLUSTER PERFORMANCE

A

0.

e TN, S T e T el T

DEPLOYMENT

il} NEED FOR PACK SHAPE TO BE RIGHT
@) VEHICLE SHAPE NOT IMPORTANT

G HEAVIEST WEIGHT AVAILABLE

ENFLATION - SEE ABOVE

10ADS - SEE ABQVE
#)  DESIGN SPEED + IST STAGE
G) ALTER REEFING FOR 2ND STAGE

OKkAG
(1} DAA FROM TESTS ABOVE
@) NEED TO KELP WEIGHT MIGH

STABIL'TY
(I} LINE LENGTH
@) COMPARE TO SINGLE CHUTE

DYNAMICS AT IMPACT
h WRONG SPEE

]
@) NEED FOR WATER RANGE OF GOOD OEPTH

. -

PP
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REFURBISH

Iformatoon eoguired on furbshment and e furbushmeat mcthosts coubld bee abtiuned in cop-
whhetion with fue provious]y

mentioned re-use tests,  This would give curly data to ad in design,

Returhishment dats could alse be obtained in connupetion with all ather parts of the drop test
Pt Regquirements for the estent of refurbishem. t eopld b gencrato d during (he ontie
pri'openm,

RETRIEVAL

Becise of the problims invelved with wator

impact site selection, separate retrieval tests
siould e conducted, Refurbishment dat

a could also be obtained during these tosts,

i e L B b e 1] 8 e A o et i
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RE-FURBtSH

A COMBINE WITH RE-USE TESTS

B. COMBINE WITH ALL PARACHLIE TESTS

€. COMBINE WIT}; RETRIEVAL TESTS

BEIRIEVAL

A, LIMITED COMBINATION WITH
OTHER TESTS

B.  SET UP SEPARATE TEST
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e judgment of -
M-=tests,

sl obgeetive
ncluded hiepe of poer

dAYnumie testing,
nrohable,
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Tlus page amd the e
T featst of sl L¥pe outlip,
Nunber pecded to Kitther the p
reeominended progrom aumie

pogsible problems that will probally aceur

has been discussed in tno e detaal o
tnent details for cach type ot test,

As can e geen,

This is because there ape

TEST PROGRAM

tellosw g omtline thee recommended e
<F previousty, The guminep of test
vauired information if every te
rof tests 18 given apd is has

SLoprogran in terms of numiiep
8 Indreated repregents the minimum
8t 18 successful and fully valid, The
vd on pist expericaee and an cagineer-
and the reed fop design changes and

arlicr, so orlv a few short remarks ap.

the largest ratio of planned tosts to minimur: tests is in the

vehiele -drogue
many unknowns in thig phase

and manv problems arc
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TEST PROGRAM 3 i
r-.c
. MINIMUM  PROGRAM 1
, QBJECTIVE REMARK S NUMBER  NUMBER A ]
4 RE-USE KEEP CHEAP sumpu 10 15 i
3 USE AVAILABLE i
‘ MAYEE AVAILABLE CHUTES %
VEHICLE- DROGUE 12 SCALE, B52 "MOTHER l 4
DYNAMICS v SHIP, ms?f ALTITUDE E
OGUE i SCA USE 6 FT | ? L5
BFRFORMANCE v EHICLE th DEPL 3
Ay_y VEHICLE, §m~ 5
-1 33} ] Li p
Y VEHICLE, DESIG H 4
'é'smo ‘{omu N ' .4;
VY VEHICLE, DESIGN i k] )
HEAVGR Gy Deso )
HEAVY VEHICLE, OVERTEST 2 3 £
: MIN Q [ ! ;
: NGLE MAIN 53,000 LB VEHICLE, | B
PERFORMANCE B VEHICLE Y ;

SRR F R e

3 o]
1 :
L i ]
b
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3
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3
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Noy tosis tiee shown for sofebish aren lecanse these doty van be oblained from all the
otbe P Lests and no spreind testy ape necessiry,

Wnestion marks are shown for the stability,

impact dynamies and retrieval teses because na
recommendation has been made as o the hest w

ay to accomplish these tests and little is known
More study 15 needed in these
Our past expereienee i most of these areas

ahout the kinds of informaten necded or the problems anticipated,
drvas before o speaific recommendation can fwe made,
ey Dimvitend,

e e e e
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1
0BJECTIVE REMARY, MINLAUM  PROGRAM i
' i L
MAIN CLUSTER PACK SIZE RIGHT, IF | 3 i
. PERFORMANCE POSSIBLE, HEAVY VEMICLE, ! :
: DESIGN SPEED DEPLOYMENT 'R
) HEAVY VEHICLE, DESIGN I 2 § 3
) LOAD REEFED 8
' HEAVY VEHIQLE, DESIGN i 2 ¥
OPEN LOAD i
: iy
HEAVY VEHICLE, OVERTEST | | i
STABILITY, DYNAMICS ? 7 2
AT IMPACT ::
.5' * 3
i RE-FURBI SH COMBINE WiTH 0 9 +
L ABOVE TESTS, RE-USE ;-
F RETRIEVAL COMEINE WITH RE-FURBISH, 7 2 ;
: AND STABILITY, DYNAMICS ? f ]
3 TOTAL PROGRAM 12+ 2+
: WITHOUT RE-USE
f ‘
x
:
b
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THEET PROGRAM PROPOSALS

This 1 a comparisan of the theoo test progeam proposals that were svialable al the tame of
His progress veport, The "PIOKEER" proposal was made ot - beiefogr at (e Marshall Spaeec
Flaghe Coenter by vepresentatives from the Pioneer Parachube Company,  The "MSFC” proposal
wis made at that tume by MSFC repreegentatives,  The "SANDIA " proposal represents the cuerent
S plan,

sandi feels that seale drogue tests ape the only way to ohtain meaningful data on vehiele -
drapiee demines. This 1 felt ta be ane of the significant problem vress and could drastically

alfeet e overnll desiga. Conficrmation of predicted results 18 necoessary in order to proceed with
Hie final design,

‘The additional data that could be gathired by scale main testing is not folt to be worth the
wkditional cost. The only way such testing would be cost effective is if existing parachutes and
burdware could be used to gather carly data.

A meaningful Vsystem' t st s very difficult to devise untid the first roal svstem is used, A
system test as a "demoensteation” might e useful,

fe-use tests are propused here primarily because they could he done guickly at small cost
and the data are needed very carly in the program to aid in determining adequate design factors,
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TYPE OF TEST
SCALE DROGUE

DROGUE
SCALE MAIN SINGLE
SCALE MAIN CLUSTER

MAIN SINGLE

MAIN CLUSTER

‘lsvm"

TOTAL

RE-USE

TEST PROGRAM PROPOSALS
PIONEER ~ MSFC  NEW  COMMENTS

0 0 4 BEST WAY TO GET VEHICLE
DROGUE DYNAMICS

12 8 i MAY NOT NEED SO MANY

n 3 0 NOT NECESSARY

0 2 G NOT NECESSARY, UNLESS STABILITY
JECOMES A PROBLEM

6 5 3 ONLY S0 MUCH CAN BE LEARNED
FROM SINGLE CHUTE

H 2 8 MUCH T0 BE LEARNED IN LAKGE
CLUSTER AREA

4 ! 0 CAN'T CONDUCT REALLY MEANINGEUL
“SYSTEM" TEST

a 2 26

0 0 I5  DATA NEEDED ASAP
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TEST AIRCRART CAPABILITY AND AVAILABILITY

Thig 1% i review of aireraft copabidity and aviaalalality as deternaned Ceom digeussions waith
personncl at Fadwards AT and B Ceontro NAL,

s thase digeussions, o sigmficant change an =5 capability has been proven and demon-
strated,  Wendits of 80, 000 powids or over have been deopped,  This changes the preture consudere-
whly, and more detanls shoulil be oblained before final plung for the test program are nade, At
the time of s report, the 1352 "mether Ship" af Vdwards looked most pronusing, There was

some nterest at Bdwards inoan advaneed "Mother Ship™,
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TEST AIRCRAFT CAPABILITY AND AVAILABILITY

e ey

ATRCRAYPT !
* TYPE CAPABILITY AVATLARILITY i
; DIAMETER !
: WEIGHT-LB  LENOTH  ORW, B ALTITUDE SPETD !
3 |
3 ! C.1308 30,000 28 8 rr 25,000 ¥r 160 TAS COoD
o
| 4
' c-230H 50,000 @rr s 25,000 FT 250 KCAS FOOR, HOT AIR feop
2 WINFICURED R Av::
"E" ENGTHER
F £-5 k1,000 28 pp sm 25,000 #T 250 XCAS VERY 00R, USLD
n‘ ' HEAVILY %iov
:
: B52 25,000 25 e 6T 43,000 F2 200 TO OB, ONF AT
: (WETGH? LIMITED) 300 RCAS FDWANDE AFR
i .
: BSD 50,000 25 ¥T §m Ls,000 pr 200 T0 POCR, FAVE T
: (NOT »T LIMITED) 300 KCAS GFT CSF ANpY
FROM SAC
B32 52,000 s -1 k5,000 T 200 TO NOW AT EDWARDT, NASS
MOTHER SHIP" 100 XCAS USING FOR Xeplf
: NEW Ca5 160,000 tho M 12 45,000 e 203 10 #3 COULD LF MADR
e "MOTHER SHIP" 250 KCAS AVAILABLE, LONT ER
i PROJECT, COST CRARTIY
L
i':- j KEEDED
I '
3
N
a
.
3
:
Y
, i
i
i .
. )
1
i
+
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TEST AIRCRART COMMENTS

Basesl an e proevioss capabality and avialabilaty information and the comnnents provided
Fore, the B-32 TAlother Stop™ waet piekes at the tinme as tue hest fest arperatt ta ase,
The Tuet that the C=3 nas been proven to 80, 000+ pounds now may altee that deesion, Avaal-

bty may =tdt be o problem arei,

The “virtus' of Conwiay hag npow been abapdoned, and the 747 his been pieked o do the hori-
ool test work with the shuttle,  ‘Fias fact has probably disconraged use of o C=3 nother ship,

The fuvt that the high altitudes eequired are within routine operation range of the B-52 and
are iaffienlt, nonstapoard eperation for the €-5 may still make the 13-52 the hest cholee, but .
acsittionil intormation do s need to in obtained,
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c-i30

8-52
{STANDARD)

8-52
"MOTHER SH{P"

c-5
"MOTHER SHIP™
OR "VIRTLS?"

TEST AIRCRAFY COMMENTS

= WOULD NEED H MODEL, NOT READILY AVAILABLE
- NOY PROVED OVER 28 FT LENGTH
= NONSTANDARD OPERATION ABOVE 20,000 FT

- COULD GO T0 85,000 LB WITH 20-25 DROP PROGRAM
~ COULD GO TO (00 FT LENGTH WITH DEVELOPMENT PROGRAM
= AVAILABILITY POOR, HEAVILY COMMITTED

HIGH ALTITUDE OPERATION ROUTINE
WEIGHT L1AITED TO 25, 000 UNLESS GET ANOTHER AIC COMMITTED

VERY VERSATILE

AVAILABLE, NOW USED BY NASA

70 F1 LENGTH REASONABLE WiTH MINIMUM EFFORT
8 FT DIAMETER REASONABLE

NOW INSTRUMENTED, CAMERAS, ETC,

= EXTREMELY VERSATILE (FULL SCALE NOT UNTHINKABLY)
- €3 NC COULD BE USED, NOT NOW COMMITIED
- LONG-TERM PROJECT, NEEDS MUCH COORDINATION AMONG
MANY AGENCIES, COST SHARING, {SHUTILE HORIZONTAL TESTING?)

AR
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i DROP TEST LOADS PROGRAM GROUND RULES
4
L
E Tl tiene o] tuke s ned o sid e deop tost loads for the S paraehntes were to use
2 Fecvebe il peieech wost 2retlenis, P obpectives were to mnim ize the number of tosts and to
E chiminute tost fulures,
r
;.. Use ol a B=52 Alothe Ship drop aweeraft was assumed because it can drop a beavy 30, 000
E seund test vehicle at te reatecd parachute deployment dypatnie pressures aver 1 wide altitude
e The pecterr d deap methodd s ta Ay the H=72 at the redquired pariachute test dyvnuniie Pres -
- - i - -
ieoan bie b sy U porachunte tmmedintely upon release fron the sureraft, This 1s essen-
E’ i e miethant e st test the Sandia Vh-fool purachute, As an alternate test muthad to be used
3 Ancnaoverteal traec o = pequered to redued: test velicle deceleration, a programmer elwte
3 oubid b deplon d apon reloasge, Ths chute wauld provide the proper terminal conditions far a .
t i deplysment of the test parachute, One of these test mcthods wus used for all of th- drop tests
3 sattilatea e tive followiag poges,
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DROP TEST LOADS PROGRAM GROUND RULZES

¢ DROP AIRCRAFT
» PROP VEHICLE

s PREFERRED DROP METHOD

+ ALTFRNATE DROP METHOD

B-52 "MOTHER SHIP"
50, 000 POUND STABILE VEHICT E

F1.Y B-52 AT OR NEAR REQUIRED
ALTITUDE AND DYNAMIC PRESSURL

INITIATE HORIZONTAL DEPLOY MLNT
WITH STATIC LINE OR SHORT TIM ER

INITIATE PROGRAMMER CHUTE
DEPLOYMENT WITH STATIC 1.INE

DEPLOY TEST CHUTE IN VERTICAL
ATTITUDE WITH TIMER




DROGUE BROP T1ST INFLATION 1.0ADS -
LOAD BOTH STAG s IN ONE TS

I ordie to imnamigze 1. numbeer of drop testg, (-

e ofest was mvestigated
nonnmad altitude (19, 000 feet) and

Passibility of loading Lot drogue st

U the destpn bood dnring on A A0, 000 pound test vehiels

ages
Prianectery al the

flying in & wi-rtical

dynamic pressurc (2on 1h/£t2) was assumeq at
Lo ataer of o inflation, N 18 pereent porosity droguc with no forchody interferonee wag HEE
tceed, T e masumum prodictid inflation load for thys configuration wus about 280, 000 pounds on
O stewes, Y otther to o

tean design loads on both stages with th-
I CO B TE RN TN FESAPN o sharten the drogne reefing time,  The

e bt de by shows it design load is achieved on the first stage hut not on the sccond, A
roohing time of 1 second (s required to achieve the design load on Loth stages, Unfurtunatc-ly, the
svvond reefing time 1s so short that a small vrror in the predicted first stage inflation time.
cotld cnuse wolarpe overload on the second stage, For thys reason, achieving the design load on
Poth Stoges of the. drague during one test is not considered possible,

Lighte:r werght 50, 000 tost
fivst atteinpt with o 2 secomt "




Suspension Line Tension (b}

Suspension Line Tension (1b)

DROGUE DROP TEST INFLATION LOADS »
LOAD BOTH STAGES IN ONE TEST

SRD DROGUE ENFLATY

ON CASE 080
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BROGUE BROP TEST INFLATION 1LOADS -
REEFED STAGE LOADS

Because desym Tosads on both stages of the drogue chute could not be obtained during a single
Test, comittons required for loading recfed and full open stages geparately were investigated,
Deplovment of the deogue from a 50, 000 pound test vehicle in a horizontal trajectory at an altitude
ol 20, 000 feet was assumed. A horizontal drop was chosen to simplify the drop test procedure as
much as passible. Desyn load for the 16 percent porosity drogue was 280, 000 pounds, 2’1‘hn design
Laad on thie recfed drogue was obtained by deployment at a dynamic pressure of 200 16/ft%, A 25

Pervent overload on the recfed drogue 18 shown to be possible for a deployment at a dynamtic pres-
. ety 2
~ure of 286 1h/t=,




DROGUE DROP TEST INFLATION LOADS -
REEFED STAGE LOADS
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DROGUL DROP TEST INFEATION LOGADS - FULL OPEN LOADS

cotsitons for tie bl opoer deogise oo

ontisned by elinunating the
"”“"‘--df li,- vt

tenflate to o full ope i contivdranon imimediate vy A hopra-
A, 0B Bt test vehiebe ab an altituds- of 20, 000 feet was again uss amued, 'I'h;,-
wis eseeeded slightly at a geplorment dviarmi pressure of 160 16/§t°,

by deployment at a dvoamic pressure of 200 Ibfst2,




DROGUE DROP TEST INFLATION LOADS - FULL OPEN 1.OADS
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MAIN CHUTE DROP TEST LOADS - DESIGN [L.OAD
ON CLUSTER FIRST STAGE
' For the mvan ehite drop test program, inflabion loads were caleulated for sunelated drop test
_f vonditions,  The basee philosophiv followed was similar to thid used for the drogue drop test program;
e attempts were made to subjeet the main chutes to design load and overload conditions with the
-

amildlest number of ©oats, A 50, 000 pound test vehicle dropped from o B-52 tyvpe aircraft was os-
: sutmed, Kimple horicontal deplovments weree used when pogsible,  The first drop conditions invest)-

] pated were for deploviment of a full main cluster, or & horizontal deployment at an altitude of .
. 008 feer awd a dynamic pressure of 240 lh/ftz, the design load of approsvamately {20, 000 pounds
per parachute s obtained on the first veefed stage,  All three parachules wers assumed to ipflate
sunultancousiy, Nominal reefing tinmes used resulted in very low second and third stage loads,
v
r
r




MAIN CHUTE DROP TEST LOADS -
DESIGN LOAD ON CLUSTER FIRST STAGE
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MAIN CHUTE DROP TEST 10OADS -
DESIGN LOAD ON ALL CLUSTER STAGES

Yeop canditions requived to subjeet all throe stages of the main chuise
were investygded, s clear from the previous simulation that shorter ped
to load all three stoges, Also,
The fiest figure show

clustor to design tond
Hing times are required
going to a higher altitude und a vertical trajecisry are helpfut,

that frr a borizontal drop at an inivial altitude of 40, 000 teet and a dynamie
pressure of 1689 1b/1t°, near design loads were obtained ua all three cluster stages. Very short
reciing times of 2 geconds and 3 sccond were uscd.  The second figure shows that for o verticul
deplovmeat at the same altitude and dynamie pressure and using the same recfing times, design
load is obtained or oxceeded on all three stages. Bascd on this analvsis it would appear that in
theory at least, design loads could Le obtained on all three stages of the main chate
ploying al high attitudes and uaing very shavt reefing times, In practice, however, serious obee -
1ons to this test method can be raised. The short reefing times probably demand greater acouracy
in prodicted inflation times than has been demonstrated by the inflation madel being used. Also,
tolerances in reefing cutter timoe delays could cause unacceptable unequal loadings in individual
cluster chutes, Thig test method is theretore not recommended wiihout additional study,

cluater by de-
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. MAIN CHUTE DROP TEST LOADS -
} DESIGN LOAD ON ALL CLUSTER STAGES 1'
o Vertical Trajectory '
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MAIN CHUTE DROV TEST toans -
SINGLE CHUTE TESTS, v ERTICAL ‘FrAECTORY

Flhe i wliv o Sorcting the i ehube clustep 1o destpn Louds o,
Previous exiomples, Itas e h chser to subject o stagle moim chnte 1o Hesgg)
overlaad condiion, By deploving o sigle moin chyte fram o
Eragectory o an abtunde of 20, 000 foot,
shovtened recting tires of 10 seconds
147 Ilg."fl2 Weere e,
Leviaed 11 e

b dlustratod i phue
s loiuls o evien an
20, 000 pound 1est velaele inoa verteal
degign loads on all three Alapes can be ohtaaned, Shightly
anc 6 seconds amd o nonanal et el dvrginge
By anereasing the imitial dvnamie pressuee o 230 e,
nEUn chit e fiest stage s obbaimed,

progsure of

O peree it ovepe




e e

2
. i
; !
f MAIN CHUTE DROP TEST LOADS -
{ SINGI.E CHUTE TESTS, VERTICAL. TRAJECTORY
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MAIN CHUTE DROP TEST 1L.OADS -
SINGLE CHUTE TESTS, HORIZONTAL TRAJECTORY

Design lowds on a single mam chute can also he achieved using the simpler horizontal deploy -
ment, Assunung the same configuration as in the previous cxample, but deployed in a horizontal
trapgetory, design loads on all thicee stages are obtained for an initial dynamic pressure of 160
Hi/ft°. Recfing times were shortened to 4 seconds and 2 seconds, Overloads on the first two
stages wepre obtuined for an tnihal dynamic pre ssure of 225 lhfftz.
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MAIN CHUTE DROP TEST LOADS -
SING1.E CHUTE TESTS, HORIZONTAL TRAJECTORY
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MAIN CHUTLE BROP TEST 1 OALS -
SINGI E CHUTE TESTS, HORIZONTAL TRAJECTORY, HIGH Al TITUDL

pesign and overload tests o a sinele chate could also be ran ut o hgher altstude using longer
PocE g times, A borizontal deplovment at 40, 000 feet and a dynamie §oessure of 160 IL/fLe results
i design load on all three stages using veefing times of 6 seconds and 4 seconds, By ancreasing
the utial dvnanie pressure to 20R lh/!t and using recfing times of 6 secowds and 2 secamls, 10
percent overlemnds on @ll three stiages are passible,
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THEORETIC AL STORL: SEPARATION ANALY SIS F'OR
SRH PARACHUTE TEST UNIT

The theorctieal store separation anal
SRE Pavachate Test Units dropped from th
quent pages of this section,

Y818 proposcd to suppart the dro
¢ wing pylon of the 13-52 Mother
This theoreticul store Separation analy

P test program using
Ship s defined on subse -
815 has four distinct purposes,
The first purpose is to define the store
Lmt from the B3-52 capd
with mip

Separation characteristics of the SRB Parachute Test

¥ inthe program, This will allow any necessary changes to be accomplished
imum eonsts and minimum gchedule slippages.

The second purpese is to help define the need for any storc
Jquired for the SRB Parachute Test Unit and the B-52, If the
shows the SRB Parachute Test Unit separates without any
wind tunnel tests might be eliminated, Conversely, if the
separation problems may exist, the results would provide
scparation wind tunnel test program,

scparation wind tunnel tests pe-
theoretical store Separation analysis
problems, the need for store separation
theoretical analysis indicates stora
lustification for cstablishing a store

The third purpose is to defipe the aerodynamic carriage loads on the SRB Parachute Test

Unit during carriage an the Mother Ship early in the program. Thisg information is necded to verify
the structural adequacy of the SRB Parachute Test Unit,

The fourth purpese is to provide the necessary documonted pre-flight analyses to obtain ap-
proval from the Aie Foree and NASA to drop the SRB Parachute Tost Unut from the Mother Ship,
This documintation would describe ang present thee results of the stope stparation and carriage
loceds analvees descriled i the preceding paragraphs,
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PURPOSES OF THEORETICAL STORE SEPARATION ANALYSIS ’

i | i

;‘ 1, DEFINE STORE SEPARATION CHARACTERISTICS OF SRB PARACHUTE TEST i

m UNIT FROM B-52 MOTHER SHIP EARLY. i
S 2, DEFINE WHETHER STORF. SEPARATION WIND TUNNEL TESTS ARE NEEDED,
p : .
l%, ¥ 3, PROVIDE THEORETICAL AERODYNAMIC CARRIAGE LOADS FOR SRB PARA-
E, K . CHUTE TEST UNIT FOR SEVERAL PERTINENT B-52 FLIGHT CONDITIONS. r
p . ‘r
:f' 4. PROVIDE DOCUMENTATION OF THEORETICAL STORE SEPARATION AND
i-; N CARRIAGE 1L.OADS PREFLIGHT ANALYSES TO OBTAIN APPROVAL TO DROP b
3 SRB PARACHUTE TEST UNITS FROM B-52 MOTHER SHIP, {
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THEORETICAL STORE SEPARATION COMPUTER PROGRAM

Fhe use of theoretweal store separation analyses in prelinnnary design can supplement and,
hopefully, reduee the pumber and magnitude of wind tunnel and flight dreop tests. A computer
program (H-1, -2} was developed by Nielsen Engincering and Rescarch, lne, to compute thoe
thearctical separation trajectory of an external store released from an aiveraft flying at subsonic
specds,  This computer program would be used for the theoretical store separation analysis for
the SRB,

The aircraft fuseluge, separated store body, and naculles, fuel tanks, and the bodies of
other stores carried are modeled using point sources and sinks distribuyted along the centerlines
of the bodws, In addition, multipoles are used to include the cffects of any nopaxigymmetrpic
grometry for the aircraft fuselage,

The computer program first caleulates the forces and moments acting onthe store in the car-
riage position in the nonuniform flow ficld below the aircraft, Then, the computer program uses
6 degree-of-freedom trajectory calculations to compute the motion of the store for 8 small time
interval, The forees and moments acting on the store are computed at the new position, and the
procedure is pepeated until the separated store has traversed the nonuniform flow field near the
awrcraft.

Reference 6-3 deseribes how theoretical caleulations {(5-4, -5) of the pitching and yawing
moments were made by NASA for the N-15 during carriage on the B-52 Mother Ship, Quoting
Reference -3, "Sinee the mathematical model used te caleulate the flow field for the 13-52
Wit was suffies nt to allow caleulations that are in close agreement with experiment , o
the loads and moments for other vehieles for which the B-52 might be used as a carrwer could
probably he =t mabed with sufficient aceuracy to determine the neecessity for, and aiw in the
imterpretation of, wind-tannel tests, "

As the theoretical store scparation computer progeram can usc a mope complete mathematical
model for the B-52 than was used in the results in Reference 3, one would expect the results to
agrec with wind tunnel o fhaght data at least as well as the theorctical results and Right data agreed
i Reforence 3,

[




Ao AL LRl

iF.

S T R TR T e e, TR AT A

o

R R S

A YL LEEAS

TR R TY GE mea 1 g e s

NIELSEN/AFFDL THEORETICAL STORE i
SEPARATION TRAJECTORY COMPUTER PROGRAM

PURPQSE - COMPUTE THE THEORETICAL CARRIAGE LOADS AND STORE SEPARATION
TRAJECTORY OF A STORE CARRIED AND RELEASED FROM AN AIRCRAFT F1.YING
AT SUBSONIC (SUBCRITICAL)} SPEEDS,

EUTERETR L RIION ket

AIRCRAFT FUSELAGE MODEL - UP TO 100 SOURCES ANI5 INKS (FOR FUSELAGE
VOLUME DISTRIBUTION). UP TO 1, 000 MULT POLES (FOR FUSELAGE NON-
AXISYMMETRIC GEOMETRY,.

e

AIRCRAFT WING MODEL - INCLUDES CAMBER, TWIST, DIHEDRAL, SWEEPBACK,
§ AND THICKNESS; UP 70 160 YAWED HORSESHOE VORTICES, 800 THICKNESS
STRIPS, AND 160 POINTS DEFINING CAMBER AND TWIST.

U T T S s

AIRCRAFT PYLON MODEL - INCLUDES THICKNESS AND SWEEPBACK. (USES YAWED
HORSESHOW VORTICES AND THICKNESS STRIPS, LIKE WING MODEL, )

AIRCRAFT RACK MODEL - AXISYMMETRIC BODY; UP TO 100 SOUR CES AND SINKS.

RELEASED STORE BODY MODEL - AXISYMMETRIC BODY; UP TO 130 SOURCES AND
SINKS.

OTHER STORES, NACELLES, AND FUEL TANKS - UP TO 9 AXISYMMETRIC BODIES;
UP TO 100 SOURCES AND SINKS FOR EACH BODY,

OST - APPROXIMATELY ONE MILLION DOLLARS. (APPROXIMATELY ONE-HALF
OF O0ST IS FOR WIND TUNNEL TESTS TO CHECK THE ACCURACY OF THE
PROGRAM.)

0 VAR IO SIS TSR 8 A S AR AR

TIME REQUIRED - DEVELOPMENT STARTED APPROXIMATELY 1870,

e A AL

DOCUMENS ATION - LANGLEY PROGRAMS (USED IN NIELSEN/ AFFDL COMPUTER

PROGRAM) - 156 PAGES :
3 DEGREE-OF -FREEDOM VERSION - 282 PAGES i
8 DEGREE-OF -FREEDOM VERSION -.801 PAGES

TOTAL -~ 1,239 PAGES

r A
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. SANDIA-DEVELOPED SUPPLEMENTAL THEORETICAL STORE 1

" SEPARATION COMPUTER PROGRAMS |
3

|

¥ Sundia Laboratories has developed several supplemental store separation computer programs, ;

These supplemoental computer programs are used to rapidly and economically prepare the complex |

4 awreraft configuration and store geometry data required as input for the theoretical store separa- 3

tion computer program. ;

The facing page summarizes three of these computer programs, Additional inforrnation on i‘

- computer program SOURCE is available in Reference 5-86, * 'i

3 ;

;

4 ] 3

3 !

E

-
g;
i
3
1
F
)
E
:
|
?
f




=

=
=
—

i

SR

P o e et

LOImPEMLELT

§

i

TR o e s

R L I LR B e e St T N NG

SANDIA-DEVELOPED SUPPLEMENTAL THEORETICAL
STORE SEPARATION COMPUTER PROGRAMS

FUSLAG - COMPUTES EQUIVALENT AXISYMMETRIC FUSELAGE GEOMETRY.

WINGO! - COMPUTES WING THICKNESS AND PYLON THICKNESS INFUT DATA
REQUIRED.

SOURCE - COMPUTES SOURCE AND SINK DISTRIBUTIONS TO MODEL AXISYM-
METRIC IXODIES. OPERATIORAL ON SLA INTERACTIVE GRAPHICS
SYSTEM. OOMPRESSES TWO WEEKS' CALENDAR TIME WORK INTO
ONE HOUR'S WORK ON GRAPHICS TERMINAL.
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VISUAL DOCUMENTATION COMPUT R PHOGRAM

A permuanent visual documentation system hag been developed by Sandia Loboratories in prra -
vide eapidly wnd ceonomically visnal doeumentasion of theoreticnl store sepavation anadyses, Dl
doeumentation system uses a new Sandia Laboratorics computer program (MOVIIZ1) with a (D

HGO0 cumputer to generate & magnetic tape of plotting commands for un off-line moedificd Data-
grapluN 1020 plotier,

The mijor features of the vigual documentation computer progriam are summarized on the

facaing page, (Additional information on the visual documentation computer program is availahble
in Referenoe 5-7 and 5-8,)

Sample output from the visual documentation computer program are presented inter in this
section of the report, The computer time required to gencrate slides or drawings for a store
separation is u fraction of a minute. The computer time required ‘o generate a color movie for a
store geparetion 18 approximately 8 minutes,
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VISUAL DOCUMENTATION COMPUTER PROGRAM, MOVIE 1

*PRESENTS SIDE AND BOTTOM VIEWS OF STORE SEPARATION PROCESS,

*PREPARES VISUAL DOCUMENTATION USING ALL OUTPUT MEDIA AVAILABLE
ON A MODIFIED DATAGRAPHIX 4020 PLOTTER,

* COMPUTER TIME SAVED BY:
3. NOT SHOWING ROLL ORIENTATION OF STORE.
2. USING LINEAR INTERPOLATION WITH TIME ON STORE POSITION.
8, STORING OF REPETITIVELY USED PLOT COMMANDS.

* COMPUTER CODE WRITTEN IN FORTRAN.

* PLOT COMMANDS GENERATED USING SOORS PLOT SUBROUTINES,

e

w
T

. i it e i o b ks s ol o bt i i e M e i L




AMODIFIED DATAGRAPHIN PMLOTTLER

] P Ll s ptation for the theoreticy] store separation nnalvsis resalts ave prepared
' . " ’ B .

| Casonditn s D e eephes 4020 plotter, The output media available include pictures, shdes,
E Cocevow o my DA B s oatd movied can be generated in black and whate or color,
]

;

]

P urtes ¢ 0 taal= o thee output medla avaidable for the visual documentation of the theoretical
st by rosults e available on the facing page,




MODIFIED DATAGRAPHIX 4020 PLOTTER

¢ MODIFIED WITH EIGHT SEGMENT COLOR WHEEL (WHITE, CYAN, GREEN,
MAGENTA, RED, YELLOW, BLUE, AND LIGHT BLUE),

+HAS SPECIAL OOLOR SENSITIVE PHOSPHORUS MIX ON CATHODE RAY TUBE,

ST

- s HAS THE FOLLOWING OUTPUT MEDIA:

| 7-1/2 INCH BY 7-1/2 INCH HARD COPY (BLACK AND WHITE ONLY),
16-MM MOVIES (BLACK AND WHITE AND QOLOR).

35-MM SLIDES (BLLACK AND WHITE AND COLOR).

35-MM MOVIES (BLACK AND WHITE AND COLOR),

A « BLACK AND WHITE OUTPUT MEDIA ARE AVAILABLE BY &8 AM FOR RUNS 5UB-
! MITTED T0 COMPUTER BY 5 PM OF PRECZEDING DAY,

i P cnniThnas e e A PR s e
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COMPARISON OF THEORY WITH FULL SCALLE DROP TEHST RESULTS

in order to asse8s the accuracy of the thearetieal store separation computer program, i
comparson wis made betweep predicted results and the results of o full -scale fligh. drop test,
The Saandine Daboratories prototype store is a canard-controlled store approximately 140 incies
long with a maximam diameter of approximately 15 inches, The store weight is approximately
830 pounds, and its conter of gravity is located approximately 85 inches rearward from the nose,
The ¥ -4 aireraft configuration used for the drop test and the theoretical ealculations ts gear up,
tlaps up, and dive broeaks ap (i.c,, clean). The prototype store was carried on one inhoard pylon,
ustng an adapter,

The detailed comparison of the caleulated and obsepved results is provided in Reference -1,

Briefly, ¢xamination of the theoretical and observed vertical displacement historics shows excel- \
tent agrecment, The differences between the two curves approach the accurach of the abserved
2 duta, The vertieal displacement histories are obviously the daia of most interest to the drop aie-
cruaft pilot, (The most probable cause of the differences in the thearetical and expertmental re-
Aults 15 canard lag, which would not have been defined in any wind tunnel store separation tests. )
in summary, good agreement is shown between the theoretical and obscerved store separation
trajectories, vspecially during the first eritical half cycle of the store separation,
i
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COMPARISON OF THEORY WITH FULL SCALE PROP TEST RESULTS

TINE = 8. 0046 MEOR

ﬂ

TINE = 4000 BECONS

tinE = 7000 BECONDE

sl

Prototype Store Ejected from F-4D
st Mach 0,70, 15, 000 Feet Altitude
= Canards Free-Floating

TinE = §.0800 HCOMOS

A

"]

TINE ¢ L4000 SCONDS

P —
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ol

Pratnivpe Store Ejected from F-412
at Mach 0.7¢, 15, 000 Fect Altitude
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THEORTHCATL CARRIAGE LOADS AND STORE SEPARATIHON ANALYSES
"OR SR PARACHUT TEST UNIT

As the SRR Darachute Test Gnit is not defined, #is difficult to estimate the costs fur the
thearetieal enermge loads and store separation analysis described 1n the preceding sections of
this report. However, the following estimates are provided to define approximately the costs of
the analyvses,

The costs cstimated below assume that the SR Parachute Toest Unit will have a reasonable
swerodynamie static margin and that the shape can be analyzed using the theoretical store model
i the computer program,  However, the costs estimated below are also reasonalle if the SRB [
Parachiute Test Uit has a nonconventional shape or relatively small static margin if the uxperi-
mental frov-stream acrodynamics of the Parachute Test Unit are available {at no cost to the store
separation analaysis), $

The adajacent page shows the steps cequired for the theoretical store separation analysis,
By cach step, the required calendar time and estimated man-months required are shown, Since
the steps are serwd, the time required from start of the program can he obtained for any step by
auminnng all the calendar time required,

R T R St e A, o S £ F e RVEEEEE
' P W.E»‘.-;,..wﬁ T A VR

The thive man-months shown would cost approximately £13, 300, The estimated computer
time required s approsimately 10 hours at a cost of approximately $3000, Estimated travel costs,
to obtam geometry data on 11-32 and SRB Parachute Tost Unit and present the results of the analyvsis,
are £700,

iﬁ

Thus, thie totil cost of the theoretical carriage loads and Hroretical store & privation analvses
would be approsostely $17, 250,

Aun e stiess aoont the proposed the orvtical store s puration iawd the oretieal carriog: laads

an e s 2hould B et iressed tog

tiarold R, Spabe - 3625

sSandia |.aboratorics

tr, 0, Box 3800

Albiw rque, New Aesico 87115

(1 le-phone 305-264-4834)




THEORETIC Al. CARRIAGE LOADS ARD STORE SEPARATION ANALYSES
FOR SRH PARACHUTE TEST UNIT

CALENDAR MAN
STEPS IN ANALYSIS MONTHS MONTHS
OBTAIN GEOMETRY FOR #-52 MOTHER
SHIP, 1.00 0. 50
L)
DEVELOP THEORETICAL MODEL OF
B-52 MOTHER StHP, 2,00 1.00
' DLEVELOP THEORETICAL MOREL OF
SR PARACHUTE TEST UNIT. 0. 50 0,25
SET UP* AND CHECK OUT COMPLETE
: STORE SEPARATION AND CARRIAGE
. 1.OADS INPUT DECK. 0,50 0.25
ﬁ OOMPUTE CARRIAGE 1.OADS AND
; STORE SEPARATION TRAJECTORIES
: FOR VLIGHT CONIMTIONS OF
INTEREST. 1.00 0. 50
DOCUMENT IN MEMO (LETTER) FORM
THE RESULTS OF THE THEORETICAL
CARRIAGE LOADS AND THEORETICAL ]
$ STORY SEPARATION ANALYSES, 1.00 .50
1
: 8. 00 4, 60
F
:
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